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EXECUTIVE SU!I!fARY 

This report describes statistical analyses of the data from the "104 Mill 

Study." This study was the result of a cooperative agreement between EPA a~ 
' . •" ' 

the U.S. paper industry: The purpose of· the s~y-Was to characterize the 104 

U.S. mills that practiced chlorine bleaching of chemically produced pulps in mid 

to late 1988. the scope of the study was developed by EPA and industry, and the 

study was managed by the National Council of the Paper Industry for Air and 

Stre.am..lmprO'\l'ement •. Inc.. (NCASI) •. with E.FA overvi.ew •. 'Ihe data collected included 

•••ucweOC."-··o£Y·· 2·;.l;.7-~8"·tetrachJ.grocl1beatoi..jJ .. dioxf.D: (TCDD) .. ·· and. 2.,3,7,8:' 

tetracblorodibenzofuran·: (TCDF)'-- ccmeencracions -in three export vectors (pu.lp~ ., 

sludge, and effluent); and information on wastewatar treatment, bleaching, and 

manufaceurtng- proeeaa••• More- inform.a.tion. waa availahl& fox;. kraft DLill.s.. ( 15.5 

bleach lines) than sulfite (18 bleach lines); therefore, some statistical 

findings-are repon:ect·.for.;,only kra.f.t_lllills_. 'rhe...s.tatiatieal fhJdings_.are: 

1. Tba cieteeteci. c.oncent:.ra.tion values of TCDllfl'CllF" were be.st approximated by 

lognormal. distributions. estimated separately for each of the exporc vectors: 

pulp • sludge. and effl ue-at. 

2. Analysis of field and laboratory duplic.ate.a. indicated excellent agreement 

between duplicate 'ID&uureJ~ent:s' of TCDD/1'CDF conC:ettttaetona-.-- As a consequence. 

analytical measurement variability is a very small por1:i.otl of. the total· 

variab!Ut:y inc tha TCDD/TCDF dau.. 

3. . The report:ed. detection levels for the. non~deteeted meuuremerlts of 

TCDD/TCDF dellonstraee that tM c.a.rs-.t deuction level o£ ·10 parts per-quadrillion 

(ppq) for effluent measuremenu b aeb.ievable. 

4 . Estimates of the daily total mass· outpue.. rates of TCDD/TCOF at ·-u.s. 
bleached pulp mills were 0.004 lbs/d.ay for TCDD and 0.012.. lbs/cl&y for TCDF. 

.. 



Output raees for individual mills varied substantially; however, the per ~Ll 

avera.g.es- were 0.00005- lbs of TCDJJ" and 0.00048 lbs of TCDF export:.ed. daily in 

pulp, sludge, and treated effluent. 

5. The relative. amounts of TcPD/TCDF part::lt:i..oned 'tl:r each of t.he three export 

vectors (pulp, sludge, and. effluent} wera.·hlgh.ly'varf.ahle among mills. 

6. Significantly more TCDD/TCDF was- exporte.d at kraft mills than sulfite 

mills~ 

7. Mills using Activated Sludge (ACT) wastewater treatment systems exported 

somewhat less ~fluent~ based TCOD/TCDF mass on ~rage and significantly more 

sludge·based.TCDIT/TCDF mass than"III.Uls·u:sing Aerated Stabilization Basins (ASB). 

The.. diffennce.. in .. alud&e-. eJtP.Orts ~an... be paxtially attributed to the fact that 

AJ:J; •J.ud&e saaplM" U.ct:ba, 104. KJ.ll, Scwiy """"isQidc: oi'', C&lllb11Wl: pr:llul::y and ' 

:aac.cmd&ry· sludges .... 'tbase. from. ASB systeas eonsistad: <mly crt· primary" sludge. 

8. Total Suspended Solids- (TSS) eoneerrt:ratiotUJ in ·ACI;_ .sy:abllu.-'lrlaS-- found. tc. 

be significantly higher than the TSS coru:.enuations of ASB systems at kraft 

mills. 

9. 'When. ACt.. and. AS.a~type kraft_. -aUls w.re .. c.oillb-illed..,.. . a. -waakly correlated 

po.si.tive crezsd,. was. obsened bet:Wee:n af:fl.u.e:nt: 1'CDD/TCDF and ·TS"S levels-p and' a· 

weakly carre.la.ted.:nega-ci~ trend was -observed be.t:ween TSS and sludge TCDD/TCDF. 

For kraft mills. using· only ACT t"reat:mettt, higher. TSS le-,..1•"-were: u~d·with 

higlJ.er sludge·bas.e.d TCDD/TCDF exports but low-er effluent~ based TCDD/TCDF exports. 

10. Linear regressions of the TCDD/TCDF' export rates fit to bleaching. measures 

at· each mill. (includiug·.app:l:i.c&tion rates· o£ blucldn& &lld. .cbemic•l ,~~tian . 

apnt:s) ·were- founcl1:0. be< poor~predi.ec-ors· of .tndivtclual:"hafr:'trtll: ottt1'~~ 

11. Greater chlcrine usage. in kraft mills was found. to be statistically 

associated w-ith hi~_formattGtt.rates of TCDD/TCDF. 

12. Increased subseLcurion of chlortae dioxide far chlorine in the C~stage of 

kraft mills was correlated with slight reductions rn··TCDD(TCDF formation. 



13. Higher chlorine multiples during C-stage bleaching were weakly associated 

with higher TCDD/TCDF mass formation in kraft mills. 

14. Kraft mills that used ox.ygen delignification in the bleaching process 

exhibited somewhat lower rates- of TCDD/TCDF formation than mills tha~ did not 

use such methods. 
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1 . INTR.ODUCTION 

In October 1987, the U.S~ Environmenxal. ProtectLon Agency (EPA) and the 

U.S. Pulp and. Pap-er Inc.hJ:s-rry' joint:Ly rvleaaed preliainsry· re.w.lts from. a 

screenrtng study that provided the first comprehensive results on the formation 

and discharge of chlorinated dibenzo-p-dioxins (CDDs) and dibenzofurans (CDFs) 

fronrpulp and pa.per mills (l). This screening study of five bleached kraft mills 

{"Five Mill Study") confirmed that the pulp bleaching process was primarily 

responsible for the formation of CDDs and CDFs. the partitioning of these 

compounds between the bleached pulp, wast:e.wat.e.r- tte.at.ment sludge, and final 

wastewater effluen.t .vas found to. he..highLy vari,.Ple, ~ the. mills. The study 

resul.u ·also indi.eated that 2, 3, T,-l .. tetrachlorcntfbenzo--p--ii:h;a.in- · (TCDUJ .and-· ·· 

L,3.~1.&-tetrachlorodibenzofuran (TCDF) were Che principal CDDs and CDFs formed. 

'J:b:a, .final F-i.ve·ltil.l.. Stw:ly~·report-· .was· publ.i:atiecf' in' Karch' 1988 (2Y. 

To provi.de:: EPA. wi.th more complete data on the release. of these compounds 

by the U.S. paper·fndust:ry. an a.g:re&lllSnt was. reached. in.. April. 1988 .between EPA 

and the indus-cry to conduct a second study CO charact::erlze the 104 U.S. mills 

that practiced chlorine. bleaching. of chemically produced pulps (3). The scope 

of the study was developed by EPA and ittdustry, and. the study was managed by the 

National Caunc.il.. of_ the. Paper. In.ch.\stq. for Aix: and Stream Improvement, Inc. 

(NCAS.I).,. with..EPA.OVW:nt.w-~ · The1·data from this·.study provided. an estimace of 

the release- of TCDD and TCOF in t:hiee envtronaeneal export vectors (i.e. , 

bleached pulp.~ sludge, and effluent:) -froa. t:be·, 11'~5~. J!1rlp~· ..t-.Ps:per· Industry: as 

of mid- to late 1988. 

This section presents che major features of the study design, including 

t:he field: •*!pl:itt.g; program.,_ t:h• analytical progt-aa, and data handling; and a 

profile of t:he· iactu.s:ery at:·the' t:ira t:he- study was conducted, comprising pulping 

and bleaching characteristics, bleach line chemical usage during sampling. and 

wastewater treatment. 

1 

.. _ .. ' 



The remainder of the report provides details of the statistical analyses 

and study results, and consists of the following sections: 

• Section 2, summary of the findings 

• Section 3, characterization of the TCDO/TCDF ccmeenttatian da:t:a 

• Section 4, analysis n£ duFlicate samples 

• SectionS, partitioning of TCDD/TCDF mass rates into mill exports 

• seetiatt·tt~ analysis of total suspended solids 

• Section 7, modeling af TCDD/TCDF formation in term~ of mill operating 
parameters. 

A listing of the data usea in- the analyses is also provided iri appendix 

A .. This~report. .. a.ruta. ... sep.ar.a.te. summary. doc.um.ent wet:e. prepared independently_ by 

.EJIA• .... 'Iha. paper industry.,_ ·throttgb. 'NCASI, · ha.s alSo' prepare¢~ raper-c. of. the 104'. 

Mill. Stu.dy (4). Prelilrlt\a:ry s'CUdy result.s -wete preSent~td· by- EPA and NGASI in' 

September 1989 (5) and will be published in Chetposphere. This report: includes 

da:ea- recef"ftd by" EPA fr0111 NCAS! as of Aprt.l 1990 and compris .. -.-.,.re ehan 9&. 

percent of the data required by the seudy objectives. 

When ra-tU&ing··tbe...'.stud.y re·sutts~ it is. iDqlortant to keep in mind that the 

ptilu:ipal..-objocti- of tb&; 1()4, Kill Study. -· <» c:haracuriu ·exp<>rt.a from. 1:he 

104 llli.lls-- in- terms:· of TCDD and TCDF. '!'he study wa.s-- nor designed to address 

mec:hanisms of formation· of these compounc:l$ or to determine- the best technologies 

for treating these com:pouruis.. in w.as-tew•ters. -Noaedlelesr~, the s-bll:ly;·result:s­

permit: sam& ~ul observations in these areas as. welL 

1.1 STUI)Y FEAT!JRES:' 

All U.S. pulp and p.per ~~tills- where:. eheaically pro~.~.pui.p:S· ant 

bleached _with eh!Ori'ne and chlorine derfvati'\'es were inclwie.d in the Agreement 

far the 104 Mill Stuc~:T· (3)· .. Alt:houp t&ills included itt. the Five M.ULStudy were 

not resampled .far t!nt lf)4. P£:Ul._ Study~ TCDD.J'TCI)F: 4a.t:a' and mill.. operating- and 

wastewater treatment: in:fo:cu.tioo from the·.Five Mi.ll...S.tudy have been included in 



t:his analysis. Consolidated Paper independently c.onduc.t:ed a scudy at its 

Wisconsin Rapids, W'lsccnsin mill. Due to differences:,in.sam:pling and• analytical 

proeoc:ols, the data for TCDD/TCDF from this mill were not included. However, 

mill characteristics and was.t:ewater: tl::eatment: informati.on for Consolidated Paper 

are Lacluded in the indusery·profile presented in subsection 1.2. 

1.1.1 Field Sampling Program 

The Agreement for the 104 Mill Study required that each significant export 

vector (fully bleached pulp, wastewater sludge, and final wastewater effluent) 

be sampled and that the samples be composited over a S~day period (3). In most 

eases, the composite samples consiatd· .0~. -~P- tQ:.. •ight alj.quots obtained 

t:hroughout the. sampHng day. Nearly all saapl.tis8-was performed by mill personnel 

foll.cnri.ng. guidanc.:l., ,e.s.tabli.she.d by NCASI. In a few cases, NCASI personnel 

c::t'l'ftduc:te.ct • ·dle" s811Piin:g.;.: the.- sampling--· protocols··· clo•ly: .fall.Gwed,.'- thOse 

estahli.shecl for the Five Kill Study·· (2)·. 

The·ptdp· samples taken were of the highest bright:ne'n' pulp· produced at each 

bleach line. At mills wich two bleach lines where hardwood and softwood pulps 

are bleached separaeelr,.· se-parate hardwood .and._14£twood cODlposite pulp samples 

were collected. At· m.U.ls with a single bluc:h l.1ae where both hardwood and 

·so£twoocl .. ,pulpa.._ ara· bleached .(.Le. ,_- a. swing lin6-h sampling waa c.onducted 

ineamttt:etttly. to- ensure- that: ·t:b.e· 5-d.ay ~site samples· "Wa.re''Camposed only of 

harawoocl: or softwood pulp. A fev bleach. lines processed mixtures of hardwood 

and s.oftw:ood pulps- !he: .. c.omposita samples .. frcua~tbe•e:--Iin.s...vera-,cl.assified by. · 

the percent of softwood pulp in tiie mixture. 

Sludge •a~~ples consi.n:ed only of those slJUlpa re.,.d from. the wastewater 

treatment:- S]PataJI'"·amt .diapoa.d. of in land.fills. by,_.inc:Usarat.i.Ort..- or-. b.y other 

methctds. For lltl.I.s· wt"Ch Acefvaeed s ludgtt Vas-eewater Treat::llant: (ACT) .. ~e sludge 

sample.s generally consisted of combined primary and secondary sludge; for ·mills 

with Aerated St:ab11i.%at:ion Basins (AS.i), only primary sludges wer~ sa.mp_l~d. " ln 

most Cases. the s.luciges were deva.teretl prior to offsite disposal.:;. hQWever;, 

several prf.Dulry··sluQge.s; were collee.t:ed. in: a.·.l.ov· cons is tenq-. slurry- 'form . 

J 
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Mare than 90 s~led effluencs were collected from miLls wtth biological 

treatment:_ For eight: mills~ the samples consisted of· partially tre·at:ed effluants:. 

prior to discharge to municipal wastewater treatment plants. Two mills with 

direct ocean discharges. provided samples of. untreated effluent:s. Anot:her 

untreaced effl.uent was. sampled at a mill t:h.a.t used a percolation pond fo.r 

wastewater disposal. 

This sampling 

and TCOE anal ysas. 

scheme generaeed.over 400 samplas. for isomer-specific TGDD 

About 80 additional s~les were collected as part of the 

quality assurance/quality cont:rol"(QA/QC) pian. !heS"e samp-les we_re analyzed as 

field duplieaees and/or included in native spike determinations. The data ~ 

list:ed. in Appendix A. In addi.tiou_.. mill operators were requi.r~d to provide-·-:-· 

process operating data forbleacheries and wastewaeer treatment plants. These 

d&.ta. .. ware. . coll.ec.ted ..... to .. do_cume-nt.. ope_ratioJl. of. the. P.:;ocea.s.e.s. at the. tiM of. 

<<:b ,, : .>',· ..... .apJJ..a:a..o· .. _, 
. ,. 

L.L2 Analytical Prograa 

The kehm Laboracory- at: Yright Sr:au University {WSU). Dayton, Ohio~ 

performed- aud.yct:cd -t:hods> ·a.v.LopDent worlt·.for· 1So.ar.-speeif1c- determinations 

of· TCOD''and·. TCDF.:·rn: pulp ancl paper mill matrices au<L completed analyses of all 

samplea..fo:..t:ba. .. Five. Ul.1 Study (2). Analytical work for the present study was 

~nducted by.-Ensec:o:.-Gal.i.fm:ni.a Analytical Laboratories {CAL) in West Sacramento, 

California .... and: WSU. Ennccr-CAL conduc.teg. IIOSt of the slud-ge and efflue:nt 

analyses, while VSU ana!~d 1110• c of. ehe.-. pulp,. s.-pl•••· 

The analytical. M'Chod.s· used in the 104 Mill. Study were- eonsirtene~wt th the­

screening study protocols established for the Five Mill Study (2).. Analytical 

ob-jectives for target detection levels for TCDD and.- TCDF were 1 ng/kg (p-arts· 

per trillion [ppl:'}) for' sluciges'·and.' pulp•; ancl: 0':01 ng/lcg- (ppt). for wast8wa~er 

effluent:;. The Agreeaent specified identification and quantitation criteria for 

TCDD/TCDF and. "RqUind:·tbal:. NCASI un.ge QA/QC programs for the study. ,NCASI •r· '·. 

staff performed a.nt:L eoordi~ .umple preparati<m...-.-.submitted..:smp~es to-~ t:he 

analytical laboratory, and ·reviewed: laborat:ory-- d&ta.. repons. · Neacly all~: -.'~_,.._ 

analytical results JUt: t:h.a-QA/QC. ohjec.tives es.Qlhli..sl:uuLfor~ cl:se: s'C.ld.y;~-.; ;Several 



sampLe$ required re-analysis eo obtain valid data~ howaver. the proportion of 

such s-.ples v .. less· Chan & percent of th.·total~ 

l.l~l Data Handling 

To ensure ccm:s:istent reporting: of bleach .pl.aue:and wastawaur· treatment.­

information, NCASI developed specific forms for mill personnel to report: bleach 

line operating characteristics, bleach line chemical applications, and wastewater 

treaement operations. Copies of these forQS, as well as schematic diagrams of 

the bleacheries and wastewater treatment facilities, were provided to EPA by 

NCASI for most mills. For those few mills which requested confidential treatment 

of certain. data. the forms wcu:e subai.t\:ed.direc:tly to. EPA by mill operators. 

NCASI subaitl:ed.: fi.Jull anal.ytical. results to EPA aa they were developed in 

confQrmance with the QAIQC protocols specified in the Agreement (3). 

EPA·and NCASI independantly cleveloped:- dau" SUZ~DU.ries· in spreadsheet format 

to characterUe bleach line operating ch&l:::acteristics; raass flow rates of 

bleachttci ~ .. vasteV&l:'ar sludge,. aJKl._ -..~r affluent;. and IIUlSa flows... of 

TCDD and TCDF ·estim.a.ted in Mill exports.. the respec:t:t-ve: spreadsheet entries werti 

comparecl .severaL eJ»ea, aDd... eorre.c."CioD.S. IILA4la. aa appr.opria.te . h~ to condueting 

detailed stat:ist:ieal analyse•. EPA:·~ hac1 a cont:ral:'t:or further compare the 

spr~O;.beet:& against_. tbe. or;lgina.l. report fOrss;. All diserepa:ad.ea- wen re-s-o-lved 

atUi tha.. spread.shee.ta. updated. New, databases wen- then.c:.rut:ed··by uploading t:he 

<!aU fraa tha ~u to tn. -UA .,.l.nfrqe .ccapuur. 

1. 2 INDUSTRY l11!0FIU 

At the t:ille the. 104 Kill Study field pro-g"'aa. was underway (aid- to late ._-., 

1988: for·IIOS:f:', afll s) .. thaa. U.S. Pulp and Paper Indua-tty wa.s charac.teriz.ed by 

Umit:ed app-lf:ca1:b:m- of those· pulp-in!'' and bleadrl.rts ·practt.ees .s..aastta1!1tel:' rc: ~:lave· 

the potentia.l to re:dw::e fo1"1Ut1on of 'tCDD/TCDF. Si.nc.e t:ha.t time, many· mill 

operators hava initiaeed pro gr ... to institute improved'·-pulpf.u&:_ and bleaching­

technologies a:tld. opcratial- -,n:aet.i.ca-a :· 'Ibi.s: 1.adaat:l::y·pmfile.~- hatN•er. --dqes ·not·-'· · ·:. 

reflect •t:Y ch.a:D.pa •'*-b:Jt"U.S. ~aill•-.riDce tha:eDit"·af 1988 ... 
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1.2.1 Pulping and Bleaching 

Tables 1-1 _and 1-2 present the industry profile for pulping and bleaching 

of those mills included in the study. Th.is segment of the U.S. industry 

comprises 86 kraft pulping mills, 16 sulfite mills. 1 soda mLll. and 1 mill with 

both kraft: and sulfite. pulping. More than half of the bleach .. lines at kraft 

mills are used for bleaching softwoods exclusively and 40 percent for-bleaching 

hardwoods~ The balance of the bleach lines are either .swing lines or u.sed to ·­

bleach ha~dwoodjsoftwood pulp mixtures. For sulfite mills 1 half the bleach lines· "· 

aJ::e used. for softwood pulps 1 nearly 40 percent for hardwood pulps 1 and the 

balanee_for mixed pulps~ 

1. 2. 2 Bleadr Line •. Cheldcal ITs•!!" 

'rable. .. l.•.l,s-.-..Uas.tbe. tl\llll:Jer and perc:.-atage of bleach linea with o-xygen 

de lignification:· sysl:eU auQ: ot::Ul:" chemical- u.aap·· in· --pre~bleaching. ·&net final· 

bleaching. The. data were provided- by· mill operators during the sa~~pling surveys­

During t:h.at:: parfGd.,.. tha.. il:l.dustry was chu-acteri.%ed by. lav uti 11 z•t:~ ou Gf ox.ygen 

delignifica:tton, relatiVely loW utilizatiOn of oxygen reinforced extra.c.eion- 1 low 

utilization of peroxide. reiu:forc:.e.d .. exu:ac:tion~ and. relAtively high. utilization 

of hyp.ochlor-ite· iJt bo<tb··pr.--bluebinl;'and· ftnar bleaehiri,g~ 

1'ha .st:a.Cta of. bluchary ope-rations fn the U.•S'. !ndus-t:ry in mid- to late 

1988 wit:h. nspect to chlorine usaga and. chlorine dioxicie substitution is 

SUJJ~~Uri:r:ed· ·in· Table"- l-4-. Note ehat··aboue• 3.5' ·-p.e~t;_; o-£- t:he-.c kJ='aft:.-ai.ll. bleach-­

lines were operated wit:h no chlorine dioxide. in the C-Stage, and less thati 2 

percent of eb:e kraft: mi.U bleach- linas had.·ehlorine ·dioxide subs't"itutiort rates 

greatet: than 50 percent: .. 

Table. 1.-!> preuacs., • •-n' of chlar~c .-1~1pl;ot (~. foccar). 

determined for kra-fe-.and sulfite ble-ach lines at the time of sampling. The 
chlorine multiple is eha ratio of che aaount of active chloriaa used in pulp 

bleaching in t:he C--Sl:.aga-:.t:o-rhe &IIOUt\t of lignin contained in bratrm:StOCie. o:t 

oxygen deli~ifisd.pulp as characterized by the Kappa number. Eleven percent 
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TAJIIL l·l . INDUSTRY PROFILE • PULl'ING 

~ Number of Mills 

Kraft. 
Sulfite 
Kraft and Sulfite 
Soda 

Total 

85 
16 
l 
l 

104 

TABLE l· 2. INDUSTRY PB.OFILE • BLEACHING 

Wopdtype Number gf Bleach Lines 

Kraft sulftu· ~ - 67 7 l 
Softwood, 8~ 9 
Mixed HW'/N 9 z 

T'ot:al 165 u. l 

Note: Kraft hardwood and so.ftvood:. ble.aeh 
line data tnel.- 14 lOVing linn· 
counted as. both. ha:rd:wood and 
sofcwood li.ne:a.· 

7 
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TABLE 1-3. INDUSTRY PROFrr.E - B!.l!Ac:ll LI!IE Cl!E!ttCAL USAGE 

ChWcal Usage NYmb~t 2f Bl~iSb ~lD!i m 
_. 

Kraft S:ulfite ~ 

0X¥gen Delignification 7 (4. 2) - ( 0) ( 0) 

Pre-bleaching 
C-Stag.e Cl2 165 (100) 16 ( 89) 1 (100) 
C-Stage Cl02 105 ( 64) 1 (5.6) 1 (100) 

£-Stage 02 78 ( 47) 4 ( 22) 1 (100) 
£" -S t:age N aOCl_ 47 ( 28) 1 (5.6) ( 0) 
E-Stage H:Pz 2 (1. 2) 1 (5.6) ( 0) 

Final- Rleaehing'· ,. · 
Clll," 147 ( U)" "" 4. ( 22)' 1. (100)' 
NoQCl., 90 ( 55) It. ( 78) ( 0) 

Ho02 25 ( 15) 1 (5. 6) ( 0) 
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'lA.B.I..!. l-4. STATUS OF' U.S. BLEA.CllEltY OPEB.A.TIONS: C-STAGE 
CHI.DJUNATION AND CHLORil'IE. D:IOXDlE SlTB.STI'l'UTIOif 

Kraft ~111 Bleach Lines 

Chlorine Application 
Lbs Cl./Ton ,6DBSP Bleach J.-ines 

< 40 
40-60 
60-80 
80-100 
100-1ZO 
120--140 .. 
> 140. 

TOTAL. 

15 
22 
32 
36 
28 
16. 
16· 

165 

< 4() 2 
40-60 . l 
60-80 2 
80-100 6 
100-120 3 
1Z0'140' 4 

> 140 0 

ClOz Substitution 
Percen' ijl~ach Lines 

0 59 
< 5 16 

5-10 4.1 
10-20 33 
20-30 9 
30-40.._. 1 . 
40-50·- 3 
50-60 1 
60-70 1 
> 70 1 

TOTAL 165 

a 11 
< 5 1 
> 5 0 

rorJIL 18 

Notes: . B!eachery operations- for· sriq lines were- couneed t:Wice-. 
se.parat&ly for hardwood and s.oft:wood. .. pulps. 
ADSSP - Ail::-:-dl::l.ed brown.s.t:ock pul;t. 

9 
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TABLE 1-5. C-STAGE C!I1.0RINE MULTIPLE (ICAPl'A FAC'roR) 

Chlorine Multiple 

0.10 
0.15 
0.20 
0.25 

< 0.10 
< 0.15 
< 0.20 
< 0.25 
< 0.30 
> 0.30 

TOni. 

Nug!ber of B!eadJ Lines 

4 
15 
51 
54 
17 
14 

155 

Sulfite 

2 
1 
6 
3 

6 

18 

Notes: Chlorine multiple was computed from active 
ctrlorlnot (Ci: andc ClO,.)• appilod·d.n .• cbe, c-s._ •.. 
Chl.orU..--'IIId.~·l:u~ ~oul4'DO't!:~'b.e! ·~·-for.~ lG': r 
ltra.ft llil.l bleach lines because of ineompleee 
data. 
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of the sampled bleach lines were operated with average chlorine multiples less 

than 0.15. 

I.Z.3 Wastewater rre-atmene·-

The status of wastewater treat:mene provided at the 104 paper mills is 

summarized in Table 1-6. The industry standard consists of primary treatment 

followed by secondary biological treatment. Eight mills discharge to publicly 

owned treatment works (PO'Ns) after- primary treatment, and two have no treatment. 

Wastewaters from one mill are disposed of in a percolation pond, About 35 

percent of kraft mills have ACT and J:IOrt-.than half have ASB. For sulfite mills.­

nearly 70% hava ACT while a-lmost 20% use ASa. 

11 
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TABU: 1-6 . INDUSTRY PROF!"!E - li"ASTEVATER TREATMEN"r 

Number of Mills 

Irea;;ment rne llllfi< SulfiU ~ I.olll 

ACT 32 ll 43 
ASB 45 3 l 49 
Discharge to POT'IJ T 1 8 
Discharge to Other Mill IIII!P 1 1 
Percolation Pond 1 1 
No treatmen't-.. .. 2. 2 

TOTAL 87 16 1 104 

Nata.: nw.. aill... with ... ku.fth.aLd..-.,sW..ftt.a.. pulpi.ng\.waa:,:-li.ac.ad.:~.u a.: kra.fl! 
mill for purpoaea,of.this table. 
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·. 
2. SUMMA!tY OF STATISTICAL FIND!NGS 

The following·df.scussion sUSJDDa.d.zes the statistical. fituiings from. the 104 

Mill Study of U.S. bleached pulp mills. The conclusions are necessarily limited 

in scope, due to che design of the study. More information was available for 

kraft mills than sulfite; therefore, some statistical findings are reported only 

for kraft mills. The results do provide, though, the basis for several useful 

observations. 

~. o£ the:. Iabora~ .. analyse•··e£·· sampi·ew· eolittebHI' ~tt"';eoaett"'·mtll" 

tnd.ic:ared t:bae ehe de~eeted· ·~centratton· values of 2 ~3, 7, 8- te-traehlorodibem:o­

p-diox.f.n (TCDD) and 2,3, 7,8 -tetrachlorodibenzofuran (TCDF) were best approximated 

by lognormal. di.atributions. estimated separately for e.:ach .. of the export matrices 

-- pulp, sludge, and effluent:. A number of ncn•datected measurements were also 

reported in the data.. Analysis of the. aaa:s- foma.tion raus of TCDD/TCDF required 

that values be asaoe.iated with' these non-deeect:s. For the purposes of this 

st::Ud.y; such raeas~s-weTe .u•tgned a value. equal to half. t::bal datec.tiot\' level. 

This step:· allowed non-detect sa.ples to .be used in a reasonable and 

consts:a:.ne~~r-vtt.bout- distorrtug·t::ba~ basic; .fincH.,..;,. (.l.),.cba,_.vut ma.jority .. 

of all samples had detectable concentrations, with only 15 percent of all TCDD 

samples- and::4 penent·of·TCDF s..-ples· re:pol'UlG as·nonvdeteeta-:;. ·(2)· the ·rat:io of 

det:ect:able.·levela of .tCDE to TCDD wa.s fail:ly. consistent from. mill. to mill, yet 

less chan 4 percent of. all the saaples were reported as non-detects for l2..!U.h TCDD 

.and rCDF. (3) .-veJ:Y·· &Ul; .. vu fO\Il\d.. t.A have detectable leveLs. o.f TCI)I),lTCl)F in .._r; 

least one of the exporr vectors. 

Setting·mn:r.-Htetect _ v&l.ue.s ca. h.alf t:hed1..actt.cm: ~ a.lsac·~rest~~n.r.ecr . .a. .· ... ·:-. 

compromise bet:W-..n underertimation ( as&ipflJ8": non-de..teet: :valuet5- t:U- zero f and. 

overestimation (assigning non-G.ecect:. valtrb$.- to..·._t;b&.. cle.eection l.,e-n,-1}. of the 

unknown actual .c.al1C:entrat.i.cms-. 
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2. 2 VAIUAJliLI'I'Y lN DUl'UCATE SAMPLE ANALYSES 

Approxim&tely 30 percent: of all the samples were classified as field sample 

duplicates or lah duplicate splits. Analysis of these duplicate saJiq:~les for each 

matrix. (effluent., pulp, and sludge) indi.cated excellene agreement bet:w:een 

duplicace measurements of TCDD/TCDF concentrations. Most sample correlations 

between pairs of duplicate measurements were found to above 0.95. Consequently, 

the proportion of total variability in TCDD/TCDF levels that could be attributed 

to field sampling protocol or analytical technique was in all cases small 

relative to other sources of variation. In the worst case observ~d, analytical 

measurement error was still less than 12 percent of the total variability in TCDF 

concentrarioM~ 

Ll DE'IECTION. LEVtLS. FOa. NON·DE:tEC!ED MEASlTRF.MEN'IS 

The reported deuet:ion. l.ve'ls for non-detected ••.urement!i' 'of ~D/TCDF 

demonstrate t:hat the laboratories were capable of achieving the urger:. detection 

!enN!!"ls of 10 parts- per- quacic.tllion (ppq) for efflaeut.. raaaau:t:6JielloU,~ 

2.4 
... x--, 

ay eombtnfng .the.. 'tC.DD.ftCD.F .c:.ancentra.ti.on d.a.ta. ldtb. aill pradu.c.eion rates 

of pulp, sludge.-, and efUuent;. rates of TCDD/TCDF mass· fot:mati:on were computed 

for the export ru.tric:as ·at each aill. Estimacea of. ebe daily total. UULSS output 

rates qf TCDD/TCDF"at t.r.S". bleached. -pulp-;ldll ....... ra,0.004·-lbs/da.y•·for·TCJ)D· and ,. 
0. 032 lbs/day for TCDF. Output rates for individual llills varied substantially; 

however, the per mill cverases were o·. 00005 lb• of TCDD and 0. 00048 lb .. of. TCDF . 

exported daily ~pulp. sludge, and treated efflueue. 

The relat::ive m10un:ta::of TCDD/TCDF part .. iti.cmed: to pulp, sludge, or effluent 

vectors were not fou:ad. to be cons...tsr::em:: fl::oa m:i.U:"·.£0 mill, but highly ..-..riable .. 

"" ,,. 

<:_: •• 

While some mills partitioned less than 10 percene of their total TCDD/TCDF mass .--:· :.. 

to effluent, effluent·baseci__TCDDf!GDF accounted for more than 80 percent of the 
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exports at ot::her mills. The variabili.t:y in partitioning of pulp and sludge 

expatt vectors was. similar. Amang- the lease extreme cases' (middle.· 5.(1 percent:: 

of all mills), the relative percentage of TCDD/TCDF exported to specific matrices 

differed by lllOO!. than 30 percent ft::om mill. to m.U.l.._ 

2. 6 DIFFERENCES llU& TO PULllNG AND WASTEWATER TR&ATMDrr 

Comparisons showed that significantly more TCDD/TCDF was exported at kraft 

mills than sulfite mills for each matrix type. Differences also emerged between 

wastewater treatment types Aerated Stabilization Basins (ASB) and Activated 

Sludge Wastewater Treatment (AC'r). There was evidence that mills using ACT 

exported somawbat less effluent·b&sed. tcOD./TCOF 1:1\aSS on. average and significantly 

more sludge..· based TCnD-JTCDF ar.a:-s than mills ustn* ·ASS systems. The difference 

in •lucti.• exp~t£.. C&A.-ba .. p.ru:tia.lly. att::~:ih..ut.ac1 eo. the., ~t. t:ha.t A.C'I s.lu4g~ s..amp_les._. 

in t:he"l04. Mill. s·tttct.t.· ecmsi.s-t:ed: t~f' corabtried ptiaary UJd sec~ sludps_ Those 

from ASS $YSteas consiatt!d ·only of· primary slud!;e .· 

Ft.tra\er tnn-st'tga-eiorr was made o£ the. re.la.U~ babJN.D.c. 'ICIKVTCDF mass 

expo res in slud.ge and effluent vectors. wastewater trea.tmant types, and levels 

of total. SWLpemied .. SGl.tds. ('ISS). from: kraft·llil.J:.;s~ When ·At:r· and ASB.:.cype· kraft 

mills were combined.'~ a· weakly·· correlated pos-1-cive' erencl was o-bserve-d between 

efflu•oc. TCOD/tctiF and. TSS. levels, and.. a weakly correlated negative trend was 

observed between. ,rss _. anct. sludge TCDD,ITCilF'"~--- ror kraft""" lldlls-w Ull'fng-· mrly- ACT. 

treatment. higher. TSS. le.vels- were associated with highet: sludge_-based TCDD/TCDF 

export:s but lOVflr e.ffluettt·b•sed 'l'C'DD/TCDF es:portt;. 

2-8 RETA'J:tCINSIIIPS:.l!EtW&Eii TC!lD/TCDF FORIIATIO!f AND MILL Ol'Ei!ATiliG 

~ 

When l:be effeets. of m.Ul bleaching proc:e.dures upon TCDD/TCDF' forma:eiorr trr 

kraft mills we.n ana~yzett,.. ·ca:rre.l&.dcma.~~uport race. of Tctin/TCDF·" 

and a series of mill par--tars. i.nclndtng appllc:a.rtan ratas o-f bleaching and 

extraction chemical.agent:s. we.re .generally lov;... Conse.cr?ent:JT ,..1 jnear::ragressions 
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of the TCDnjTCDF export rates fit to bleaching measures at each mill were found 

to be poor predictors of individual mill outputs. 

2 . 9 EFFECTS OF GHLORINJ': APPLICATION IN PRE-BLEACHLNG 

Significant- positive c.remls:. were observed between average !CDDjTCOF"" 

formation in kraft mills and the rate of application of chlorine (Gl2 ) in the c. 

Stage bleaching process. Greater chlorine usage was thus found to be 

statistically associated with higher formation rates of TCDD/TCDF. Iewas also 

found that increased substitution of chlorine dioxide for chlorine in the c. 

Stage was correlated with slight reductions in TCDD/TCDF formation. La.ek of 

chlorine- d.ia:x.ide use at. high rates of .. &tlb&titution during tb:L . .snuiy sampilig 

period prae-lw:l~-d. acre de.t&ilad analysiS" at the ·idlpact of chlorine dioxide (ClOl?") ._., 

suhs.titu.t.ion. 

Vartabl..-~the- chlorine su.ltiple.:.(also known as tha-ltapp.a. factor) 

during C·stqe bleaehing~re positively associated with TCDD/TCDF ara.ss forms. cion 

in kraft miU....- though t:ba. resulting.. ~la-tions... vera fa.icl.y. weak., these. 

resu.lt:s ·iap-ly ttrat·on··...,.ra:ge, when· accounting for.- lignin content, greater use 

of chl.od.lw.. il:i. t:ha... C""aup waa'" li.J:tkec:L w.akl.y t;Q., hi gJwr-. fa.mation of . !'COD /TGDF. 

2-ll US£ OF QfiG!II Ili tm: BLEACHING PROCESS. 

Kraft m+lls that used· oxygen delignifi.eation in the. bleaching pt:ocess 

exhibited somewhat· lower- rate-s· cf ictm-,I'!"CDF'' fcmu:~totr t:hm· mills· that di-d· not: 

use such lllt!thoda. The same mills, how-ever, also tende.cl to have higb.substicution 

rat:es- of Cl02 for Clt. so it is not: c.le.ar whether the. lowar expott. rates of . 

rcno/TCDF obserftd<•at:. ctt.se ad.U:s vere' aettibu.r.ahla ·-r:a·oXJgwl:t'dalignificarion, 

chlorine dioxide substitution~ or some combina~ of both. 

16 



2.12 DIFFERENCES IN WOOD TYPES 

Larger amounts of chlorine were generally applied to· softwood pulps than to 

hardwood pulps per ton of pulp processed in kraft mills, and the average Kappa 

numbers of softwood pulps were significantly higher than those of hardwood pulps. 

These findings are consistent with known differences in bleaching practices for 

hardwood versus softwood pulps. 

17 
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3. CHARACTERIZATION OF THE TCDD/TCDF CONCENTRATION DATA 

This sec cion characterizes the laboratory· data report:ed to the U.S. 

Environmental Protection Agency (EPA) concerning the concentration levels of 

2,3,7,8-tetrachlorodibenzo·p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran 

(TCDF) found in samples of pulp, sludge, and effluent collected as part of the 

104 Mill Study. The reported data were examined for di~tributional properties 

and skewness and fit to appropriate probability distributions. The sensitivity 

of subsequent analyses to non-detected measurements was assessed. Attempts were 

made to handle non-detected samples in a reasonable and consistent manner that 

would not distort the basic findings. 

After examining the raw coneent:rations, t:he appropriateness of fitting TCDD 

and TCDF values to separate lognormal distributions was investigated. Only 

detected concentration values were examined for distributional fit. 

Approximately 15 percent of all the TCDD analyses and 4 percent of the TCDF 

analyses were recorded as non-detects. the detection levels for these non-

'~' detected, meaaure.ments, a:r::e. s.wnmarized. in. Table 3·1. 

3 .1 VARIABILITY IN DETECTION LEVELS 

The variation in detection levels reported for non-detects (Table 3-1) can 

be attributed to several sources. Reliable measurement of TCDD/TCDF'levels is 

matrix-dependent, a fact reflected in the analytical detection level targets for 

effluent samples, which were different from the targets for pulp and sludge. ~· 

In addition, the presence of other compounds· can make identification of TCDD/TCOF 

difficult without dilution of the sample, leading to detection levels that.can 

be sample-specifiC . 

The Enseco-California Analytical Laboratory (CAL) and the Wright State 

University (WSU) lab each analyzed at least some samples from every mat:tix. 

Almost 80 percent of the pulp samples were analyzed at WSU, while 89 percent of 

the effluent samples and 81 percent of the sludge samples were handled by CAL. 

Since these laboratories used somewhat different clean-up and routine handling 

18 



TABLE 3-1. DETECTION LEVELS FOR NON-DETECT SAMPLES 

Pulp Non-Detects (ppt) Iia1l1 IQlf 

N of Cases 39 11 
Minimum 0.100 0.100 
Maximum 4.900 6.800 
Mean 0.667 1.218 
Standard Dev. 0.805 1.880 
Median 0.500 0.800 

Slud&l Ngn-Detectt 'uRtl t . . mm e ;· ~ ".' . .:rur ..... 
N of Cases: 4 0 
Minimum 0.300 
Maximum 3.000 
Mean 1.650 
Standard Dev. 1.121 
Median 1.650 

Effluent Non-Detects (ppg) mm IQlf 

N of Cases 30 ll 
Minimum 3.000 2.100 
Maximum 17.000 10.000 
Mean 7.733 5.764 
Standard' Dev. 2. 789 2.458 
Median 7.500 5.800 
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procedures, it would be possible to expect different detection levels for samples 

of a given matrix, depending on which lab performed the analysis. 

OVerall, the analytical objectives of the 104 Mill Study were generally 

met. Ninety· two percent of non·detect pulp samples had reported detection levels 

at or below the 1 part per trillion (ppt) target level established in the 

Agreement (3). All but four sludge samples had detectable concentrations of 

TCDD/TCDF. Of these four, one was below the target detection level. Far 

effluent samples, the target level of 10. parts per quadrillion (ppq) was ·achieved 

in the a~alyses of 83 percent of the. TCOIY'non•·detects and 100 percent of the- TCDF 

nan•detects (Figures 3·1 and J .. 2.)'. 

3.2 ' .YFII"ltC!t'YINIT or· DETECTED CONCENTRATIONS 

For the detected sample concentrations, graphical.. goadne.ss.of.fit:. :was. .done . 
via lognormal. probability plots (base 10 scale), matching the· .. ordered. 

concentration levels against the expected values of a lognormal distribution. 

Yhen data. are .. well·.approximated by ~ lognormal density, such plots closely 

resembl«:' a straight line. Examination. of the plots showed that the data were 

adequately fit' by lognormal densities estimated S't!parately for each export matrix 

of pulp, effluent, and sludge samples (plots are located in appendix B). 

As noted; anly·detectedvalues were used to characterize the distribUtions 

of TCDD/TCDF concentrations within each matrix. Estimates for non·detects 

measurements, however, were'needed for later stages of the analysis. To handle 

non·detects in a simple, consistent manner, non~detect values were assigned as 

half the reported detection. level.. 

Decision on the treatment. of non·deteceedsamplu depends upon the purposes 

of the analysis and the specific nature of the data. In this cas.e, aver 96 

percent of all the quantitated samples in the 104 Mill Study exhibited detecr:able 

levels of either TCDD or TCDF, including at least one matrix export from every 

mill. Since the ratio of detectable levels of TCDF to TCDD was fairly consistent 

from mill to.mill, there was evidence that non·detected samples contained small 

positive concentrations of TCDD/TCDF. Setting non·detects to zero would tend 

20 
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to underestimate the true concencrations of TCDD/TCDF. On the other hand, EPA 

has frequently assigned non·detects to their detection levels, since the 

detection levels provide an upper bound on the actual concentrations present in­

non·detected samples. 

Setting non·detects to half the detection level is an arbitrary choice, 

but has been used with environmental data to steer a "middle ground" between 

over· and underestimation of the unknown concentrations within non·detected 

samples (6,7). Since the proportion of non·detects among the total sample set 

was relatively small, the choice to set non-detects at half the detection level 

was also considered unlikely to seriously affect the final TCDD/TCDF mass 

loadings computed at each paper mill. 

To illustrate this last point, Tables 3·2 and 3·3 present summary 

statistics of the TCDD/TCDF concentrations under different assumptions concerning 

the values of non-detects; the first section summarizes detected concentration 

values only, while the others report all TCDD/TCDF concentrations after setcing 

non~·deteaes. equal tn .. either._,balf..the detection .level~ zero, or the detection 

level. Some differences are apparent in the tables, particularly for pulp and· 

effluent TCDD samples at sulfite mills, but overall, t:he dis-crepanc-ies were 

judged to be relatively minor when weighed against the precision of the data as 

a whole. 

In summary, che ·detected concentration values of TCDD/TCDF were found to 

be best approximated by lognormal distributions, which were estimated separately 

for each of the export matri·ees: pulp, sludge, and effluent. Non-detects-- ware 

consistently assigned to.half the detection level. in all subsequent. analyses. 
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TABI.£ 3-2. D!:SCRJ:Prl\'1 STATIStiCS FOR TCDD CXJMCIIttU,tle»rs 

DE1¢1W S»>1'1--S Dlt.T 

Lower Upper 90.!! 
t!!U!!. ! - ~ - llUWl! !lu!ftU.• l!W!!! Ol.lertUe _t(l~llt:Ue 

AU S...lh 

Pulp (ppt) "' 10.44 12.85 0.400 116.00 3.50 6.00 n.oo 23,00 
HW .. 7.48 !1. 53 0. 400 55.70 2. 80 4.10 7. 70 17.00 
sw 100 12.02 14.73 0.500 116.00 4.12 7.60 14.75 26.90 

S1uda• (pptl '" 116.31 169.U 0.400 p90,00 10.63 34. DO 96.50 188.00 
E!fluent (ppq) ~03 68.2~ 100.80 3.100 640.00 u.oo 30.00 82.00 172.00 

·c· 
~•ft S-.pb• 

Pulp (pptl 113 10.46 13.00 0.400 116.00 3.55 '.00 13.50 24.20 
HW " 7.50 9.68 0. 400 55.70 2. 80 4. 00 1. 70 17.00 

"' .. Ull 14.86 0.500 116.00 4.17 1.60 15.05 27.00 
Sludae ( pPt J .. 100 " 183.08 0.900 U90.oo 14.00 39.00 105.25 203.00 
f:tfluent (ppql .. 7.5 ., 105.67 3.100 640.00 16.00 35.00 95.07 189.00 

Sull'it.e S-..J.ee 

N l'ulp (pptl • 6.22 5.93 2.000 15.00 2.38 "3. 95 12.35 15.00 
~ I!W 3 1.13 6.92 2,000 15.00 2.00 4 .40 15.00 15,00 

SW 1 3. 50 3.500 3.50 3. 50 3. 50 3.50 3,50 
Sludae (ppt) .. 13.22 16.61 0.400 58.00 3.42 4.75 15.25 48.10 
!:!fluent (ppq) 12 13.33 5.11 4 .500 z~.oo 9.72 12.00 18.00 22,70 

--D!tl):'rS ""' 1/a DE'M:tiOII I..£VEL 

Lower Upper 90~ 

t!!W.l ! - lllil Min!lllWII - Quutilt t1!!!.l!n Ou!lrtil• p_.,rc.M"!tH• 

All Slll!ple• 

Pulp (ppt) "' 8.66 12.29 0.050 116.00 1. 90 . 4.70 11.00 21,00 ... .. 5.84 ·a. 91 0.050 55.70 0.70 3.30 6.00 16.00 
sw 11' 1'0 .!19 U.32 0.100 116.00 3.20 6.30 13 .25 25,50 

Sluda• (ppt) 118 83.42 167.23 0.150 1390.00 8.11 32.00 95.25 185,60 
EfUuent (ppiJJ 133 53.10 92.63 t.soo ho.oo 6.1!1 .9.00 63,00 138.00 

h•tt s-.at.• 
' fulp (ppt) "' 9.36 12.68 0.050 116.00 2.40 5.15 12 .no 22,00 

HW 74 6.32 ::9.25 0.050 55.70 1.57 3,50 6.25 16.50 
sw ... 11.43 J4 .68 0.250 116.00 3.92 6.50 14.00 26.50 

Sluda• Cpptl " 97.17 111.03 0.700 1390.00 13.50 37,40 104.50 197.00 
j:;r!luent (ppq) 107 64 ~7 100.34 1. 500 64().00 9.20 24.00 81,00 164,00 

Sulfite S-.plee 

Pulp (ppt) 16 1.63 3. 56 0.100 '15.00 "o.15 0.30 l.H 5.~6 

"" • 2.81 5.15 0.100 15.00 0.16 0. 32 J. eo l.'i.OO 

sw • 0.82 l.H 0.150 3. so 0.19 0.32 1.10 3.50 
B~udse Cpptl .. U . .'iJ 16.42 0.150 58.00 3.20 4. 70 u.oa 47. ()0 

J:ffluent Cppq:l " 8.16 6.41 2.100 23.00 3.27 4. so 12,00 20.20 
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4. ANALYSIS OF FIELD AND LAB DUPLICATE SAMPLES 

Section 4 examines the variability in measurements of 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF) 

reported for sets of duplicate samples. Concentration values for duplicate -

measurements were plotted against each other to as·se-ss the degree- of agreement, 

and the total variability in duplLcate samples_ was analyzed to .determine what 

fraction could be attributed to measurement error or differences in sampling and 

analytical protocols. 

The fact that the distributions of TCDD/TCDF concentration values could 

be anai:y.zed .. aa ap~Oxlmat:ely lognormal was important in two ways:-. to concretely 
' 

cha~aeterize tb.data fz:om the 104 Mill Study and to analyze the variability in "\·: 

TCDD/TCDF concentration~ attributable to duplicate field sampling or repeated 

laboratory tests. Of' the 500 samples of pulp, sludge~· and effluent· from· this 

study, close to ISO (30 ·percent) were classified as fie·ld sample-·dupliea:.tes:-or 

lab duplicate splits. 

The variation in TCDD/TCDF measurements among duplicate samples was 

evaluated since a single value representing the TCDD/TCDF concentration of each . . 
composite sample was needed to compute the TCDD/TCDF mass exports linked to the 

bleach lines at each pulp mill. Since the variability a.mong·duplicate·s"was found 

to be relatively small, the TCDD/TCDF concentration values from duplicate 

analyses wer.e averaged, first setting any non-detected values to half of the 

reported detection level. 

4.1 CORRELATIONS BETWEEN DUPLICATE PAIRS 

Figures 4·1 through 4-12 (located at the end of this section) plot the 

concentration values of TCDD/TCDF for all pairs of field and lab duplicat~ 

samples, subdivided by matrix into pulp, sludge, and effluent. The dashed line 

on each plot represents the region of perfect agreement between duplicate 

measurements. Non~detected samples were assigned a concentration value of half 

the reported detection level. 
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For purposes of estimating t:he approximate variability in each scatterplot:, 

particularly the variability orthogonal to the dashed 4S·degree line, a 95 

percent confidence ellipsoid is also shown. For data that are approximately 

bivariate normal in distribution, only 5 percent of the dat:a pairs would be 

expected to fall outside the ellipsoid (since the data are plotted on a log 

scale, the assumption of bivariate normality is not unreasonable given the 

goodness of fit results described in section 3.2). The widths of the confidence 

ellipsoids for lab versus field duplicates or between different export matrices 

roughly indicate the relative agreement between duplicate pairs in each case. 

In general, both types of duplicate pairs (lab and field) show very close 

agreement. Few points indicate any significant discrepancy between the measured 

TGDD/TCDF concentration levels. although three of the- plots involving lab· 

duplicate pairs deserve special notice. In Fi~re 4-4, two pairs of TCDF''pulp 

samples are more discrepant than the rest, both pairs came from the Champion 

International mill at Cantonment, Florida. In.Figure 4-7, three pairs of TCDD 

sludge samples stand out; all three were collected from sulfite mills. The 

laborato.ries thu. conduc,t.ed .. t:he .analyses noted that producitl& reliable results 

was much more difficult for samples from sulfite mills than those from kraft 

mills. 

In addition, the three sample pairs of TCDF effluent duplicates in Figure 

4-12 show· less- agreeraene- ·than-,·the others-. Two· of the< pairs- -·came- from the 

Champion International kraft mill in Houston, Texas; the other pair was collected 

at the Wausau sulfite mill in Brokaw, Wisconsin; 

The relative agreement between lab duplicates is of particular interest, 

since repea'l:ed laboratory measurements on the same samples. provide, an es-timat:e:. 

of the variability in concentration levels due to analytical measurement-error. 

Though the variability in field duplicates necessarily cont:ains·components due 

to field sampling protocol and _t;o ana~ytical measurement difference, very few 

samples were labeled as both field dupLicates Aa4 lab splits, so the variability 

of lab duplicates in this. study cannot be assumed.to be "contained" within the 

variability of field duplicates. 
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To support. the visual impressions provided by the plot.s of duplicate pairs, 

Table 4-1 provides the Pearson correlat.ion coefficients between the various types 

of field and lab duplicates, subdivided by matrix (pulp, sludge, and. effluent) .. 

and pulping process (kraft and sulfite). The correlations were computed on the 

logged data to correspond with the above plots. Except for TCDD measurements 

computed for sulfite mill lab duplicates, this measure indicated very strong 

agreement between either field duplicate or lab duplicate pairs. 

Figures 4·13 to 4-16 (located at the end of this section) illustrate the 

differences between TCDD/TCDF effluent pairs taken from kraft versus sulfite 

mills. While almost 90 percent of the kraft sample pairs (22 of 25) show very 

good agreement, at least 40 percent of the sulfite pairs (4 of 10) indicate 

significant discrepancy· between- ·the duplicate analyses·r· These findings suggest·-· 

that· sample-s collected- from· sulfitB-' mills' were·,. more ·difficult to" analyze than-­

counterparts collected from kraft mills. 

4. 2 ANALYSIS OF DUPUCAIE. SAMPLE VAIUAliiUTY 

A formal analysis of variance (ANOVA) was also performed to determine the 

proportion of variability in TCDD/TCDF'concentrations attributable directly to 

field sampling technique or analytical protocol. The objective of an ANOVA is 

to examine the total variation in a set of measurements and then partition the 

overall variabilit:y into saaller components.. representing.- differ.ent-· sources.. of. 

error. Since the overall variation is known, the partitioning allows one to 

, weigh each 'particular souree·-.of ·error relative-' to the total..- ancl•hence-, to---rank-· 

the sources of error in degree of importance ... 

Although many aources. of variation can. be . attributed- to the. TCDD/.TCDF _ 

concentration data, components resulting from field sampling and analytical error 

were of pi:-imary concern_. One source of variability that could not be measured 

was the potential difference between the two laboratories performing t:he 

analytical work. In only a couple cases were duplicate samples "split across 

labs" before analysis; hence, all members of a duplicate set were generally 

analyzed by the same lab. Consequently, variabilLty attributed to repeated lab 

measurement comprises "within lab• differences. only. 
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TABLE. 4-l. PEARSON COIU!ELA.TIONS UTWEEII DUPUCAT.£ PAIRS 

TCDD TCDF 
Field Duplicates li Correlation li Correlation 

Pulp 20 .952 21 .982 
Sludge 9 .988 10 .987 
Effluent 12 .985 13 .982 

Kraft 11 .989 12 .982 
Sulfite 1 1 

Li!b DuPlicates 

Pu1.p 19 .994 16 .950 
Sludge 21 .945 19 .989 
Effluent 17 .967 18 .874 

Kraft 12 .983 13 .886 
Sulfite 5 .735 5 .897 

Note: Correlations were computed between pairs of logged 
concentration values. 
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'• 
3 provide a breakdown of the components of total variation 

in TCDD/TCDF concentration values for field and lab duplicates within each 

matrix. For each matrix, the total sum of squared deviations (SS) from the 

overall mean was divided mathematically into two smaller sums of squares. The 

first sum of squares (SSl) was formed by calculating the average concentration 

value of each set of duplicate samples and then computing the squared deviations 

of the duplicate set means from the overall matrix mean. Conceptually, SSl 

represents the variation due to differences_ between average TCDD/TCDF values of 

various duplicate sets. 

The second sum of squares (SS2) was formed by computing the deviations of 

ind.ivi4u.al sa..mples from the:·average concentration level within e§.ch duplicate ., .. 
set·arut then au.ming across all duplicate sets within the specific matrix. The 

second sum of squares is of particular interest since it represents an estimate 

of the variability due to differences be.tween samples within duplicat~ set:,s and 

hence, is a measure of the analytieal.measurament error (Table 4-2) or field 

sampling error. (Table. 4---3) encountered during the 104 Mill Study. 

lt is important to realize that the two component sums of squares add up 

to the total variation, so that SS - SSl + SS2. In this context, one can judge 

whether the percentage of the total variation due to field sampling or analytical 

measurement error (SS2 percent) is large compared with all other sources of 

variation, which are lumped together in SSl percent. 

For the cases in Tables 4~2 and 4-3, if one: considers the variability·· 

resulting from "within duplicate set. d1£ferences·", with the exception of one 

case, less than six. percent of the total variation can be attributed to 

differences in either field sampling or laboratory analysis. Consistent -with 

the previous analyses, it can be fairly concluded that a minor portion of -the 

variance in TCDD/TCDF concentrations is attributable to field sampling protocol 

or analytical measurement. Averaging the concentration values within duplicate 

sets to form a single value for subsequent analysis appears to be justified. 

The exceptional case involves effluent lab duplicates for TCDF where 12 

percent of the total variation can be attributed. :to differences between 
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TABLE 4-2. ANOVA TABLE FOR LAB DUPUCATES 

Mattix l! ~ ~ 

Pulp 
Log10 (TCDD) 32 11.528 99.5 0.055 0.5 
Log10 (TCDF) 29 20.572 96.8 0.678 3.2 

Sludge 
Log10 (TCDD) 31 21.053 94.2 1.300 5.8 
Log10 (TCDF) 27 19.089 99.1 0.167 0.9 

Effluent 
Log,.(l'CDD) . 25 10.001. 97.5 0.256. 2.5 
Log1o(TCDF) 27 13.886 88.3 1.845 11.7 

Sst- Between Dupli~ate Set Sum ·of· Square&"· --,1J:i.thitt· each matri.Xi •. 
the deviations of duplicate set means from the overall 
matrix mean 

SS2- Within Duplicate Set Sum ~f Squares - Deviations of 
individual samples from their respective duplicate set 
means 

SS- Total Sum of Squares - Equal to SSl + SS2 

SSl% - (SSl/SS)*lOO• 

SSZ% - (SSZ/SS)*lOO 
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TABLE 4-3. ANOVA TABLE FOR FIELD DUPLICATES 

Matrix !! m .s.m 
Pulp 

Log10(TCOD) 37 9.562 97.7 0.224 2.3 
Log10 (TCDF) 39 17.971 98.9 0.207 1.1 

Sludge 
Log10 ( TCDD) 15 5.027 99.0 0.050 1.0 
Log10 (TCDF) 17 8.791 99.3 0.062 0.7 

Effluent . 
Logu1(TCDD) Zl' 5.016 99.1 0.043 1 Q. 9 
Log;0 (TCDF}. ,c· 23 6.688 9&.8 . 0.078 1.2 

SSl- Between Duplicate Set Sum of Squares - Within each matrix, 
the de:via.d,QUS, of. duplicate set means from t:he:•.-overall 
matrix mean 

SS2- Within Duplicate Set Sum of Squares - Deviations of 
individual samples from their respective duplicate set 
means 

SS- Total Sum- of Squares - Equal to SSl + SS2 .. 

SS1% - (551/55)*100 

552% -. (552/55)*100 
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analytical measurements within duplicate sets. While this fraction does not 

appear to be unreasonably large, it is twice as high as any of the other cases, 

including the corresponding SS2 percentage for effluent TCDD lab samples. As 

was noted in Figure 4~12, this finding can be attributed to measurement 

differences from only 3 of 18 pairs of effluent samples; the remaining duplicates 

appear to be in very close agreement. 
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FIGURE 4-8 
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5. PAR!I"IION!NC OF TCDD/TCDF MASSES INTO EXEOR.T MATRICES 

After analyzing ilie duplicate lah and field samples, average 2,3, 7,8-

tet:rachlorodibenzo-p-dioxin {TCDn) and 2~3.7~8-tecrachlorodibenzofuran (TCDF) 

concentration values were computed for each set of duplicates. These average 

values were then grouped with non-duplicate samples to produce a modified data 

s&t consisting of a single pulp concentration value for each bleach line and 

single sludge and effluent concentrations at any given mill (non-detects being 

set t:o half the reported detection level) . The goal in this s-ection was to use ,. 
the mod.i.fied concentration data to compute es.timat:es of the actual mass formation 

rates cf TCD.O/TCDF" for·e.a.ch pape~; mill_ and then t:o charac-terize how the TCDD/TCDF 

masses were partitioned into the exported vectors of pulp, sludge, and effluent. 

Kass: outpue rates 111ere produced bacause·--.ur estt..-t.e-· o£-- the total amount-. 

of TCDO/TCDF' g'enei&tet!· at each. mill Could not be made using concentration data 

alonA. ai.nce tba ou.tpu.t".flov. rates of pulp .. sludge, and:effluent·product·s varied 

greaCLy fro. mill to mill. The calculations imTOlved multtplicaeion of the 

concentratiotllevel of each pulp, sludge, or effluent sample.by the corresponding 

mas~ output rate. repor:ted for that_ export vector~. -5 ·•>'! 

S(nee ehr pulp-. sludge, and· efflwm.e·· ou.t::flov' rates were reported in 

different- units. appro-priate conversion fa.c.t:ors were used aS necessary to 

standard.t:e·. each;.aass race .. _ TouJ.. ....... axpatt . .ral:e&. of. TCDD/TCDF are .reported 

in either lbs/day·or· lbs/ton Air-dried Brownstoek•Pulp (ADBSPY. '!be latter rat:e 

represents the.. total. outpUc. per day divided: by_ t:he pulp production :r::ace. and 

hence., provides.· a mass output that is standardized for ehe size of the mill. 

{All tablea.-.aar:l.fipu:ee. for section 5 are located aftar tha tut..) 

5.1 VARIABILirr ACROSS· EXPORT VECTORS 

Tables. 5·1 thrau&}l S-4 prOYf.da re.l..evaDI:.~~atatfstt:Cs:of"-ch.e_•.ass 

export rates for TCDD and tcllY. fnclndtng--_tha- number .of.'mills, the·~•n and 

standard deviation, the minim:um. and maximum., the median and upper and lo~o~er -·--

quartiles, and the 90th· percent:ile of t:he mass rate distributions..: For each 
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mat~~ and analyte, probability plots (appendix B) indicated that eh~ TCDD/TCDF 

mass distributions could be. ap-proximated· as lo·gnorma-1- Ihe tables- provide 

corresponding statistics for the percentage of the total output at each mill 

attributable to each ex.p.ort mat.r:ix (pulp.~ sludge, and effluent). The same 

statistics were also rei!CUilpU.ted after ·the .mills were subdivided by pulping. 

proce-ss (kraft and sulfite) and wastewater treatmenr·(Activated Sludge Wastewater 

Trea~ent [ACT] and Aerated Stabilization Basins (ASB]). 

One of the most apparent findings of these tables is the~ tremendous 

variability exhibited from mill to mill within each matrix. Figures 5-l through 

5-4 provide boxplots illustrating the range of variability from different 

perspectives. :The first two figures represent the percentage of total TCDD/TCDF;·. 

output part:tt:ianed to -eaeh matrix. Each boXplot was constructed so that the top 

.. 

and· battod."·etiger·of'"the-· box.·~·repre•ene·- theo•lO'Intr·and·.·~'qu.drtiU-s- 'of:' ~t:h&-. ..- .,.· .· · 

df•erttiaa:.iott·cf·pes:eentapw- ~·aerD.A".all ai.lla.,: wb.1J.6..1:1\a..U.oe. dividing the 

box in two is rhe median. The two •Whiskers• extending from the edges of the 

box. muk a ranga cove.ring rhe middle. 95 percent of all t:be data points. 

Figures 5·3 and 5·4 represent the dis"Cributions of TCDD/TCDF mass formation 

adjuste4 £Or the pulp produ.ction- rae. at -each mill-"(Ibs/ton ADBSP)'. In either 

c:.ase-p·._, it·.ia· cleaz:., t:bat .. soma mill&.. -p&l:tit:~D-m:w:b.. 1110re... of. .thei.l::- T.CDD/TCDF mass 

to· one matrtr·tbaft"l::he>'.athe-rs" attcl,.·e:b.ae- 'the paceetu .fs:llOt' consistent from mill 

to milL 

To.ta.a.t the. significance of the differences between kraft and sulfite mills 

suggested. in Tables 5·1 and S-3, two·sample t-tests were run on the l'ogged 

observations of. 'IC:OD/TCDF expona.:. ·one set for aut~ -unad.juscad mass rates 

(lbs/<lay) and otnr. for the mass rates adjusted ·by ·the· ·mill·specific pulp 

production rate (lbsjton·ADBSP). The results. are S~J~~aa.ri.Z.ed. in Table 5·5. 

Since t:h4 '!CDD.,ITCDF ma:ss- espott. ram.: .D:rllo-.d appmz1aat•- lognonu.l 

distributions, comparison of these. variahU..:,-.... made. cnr,t:traa-og:s-e.ai.e in or~' 

to make inferences concerning the t- test as valid as possihle. .Such infe~:encl!s" 

are generally valid when the tested daC4" have' been sampl.ad.. froar ._- nonul" 
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distribution, but not- necessarily in other cases. An imporeant consequence of 

using the logged data is that comparing arithmetic means on the log seal& is 

equivalent to comparing the geometric means of the mass export rates on the 

original scale-. When data follow an exact lognol1Jl8.1 distribution the geomecric. . 

mean is equivalenc to the median. Therefore. ~e comparison presented-here is 

approximately one bee-ween the medians of the original da.ta, which have been 

listed beside the corresponding means of the logged data in Table 5-5. For 

highly skewed data, such as that encountered in the 104 Mill Study, medians 

act:ually provide a better impression of the bulk of the sample since the effect 

of outlying points on the median is minimal. 

Several.- points. should: be ke.pt in: -.1nd vb.rr inu:r:preting the results of," 

these significance tests. T-tests are designed to indicate how likely it is that 

an observed mean- differeuee baeveen ·rwo· group•·af··s.aap-leldat!af. raflects-an· a-ot.ual:!.···· 

difference bet:weeft·- Ute· ~l Mans o·f .the ~ions· frout·Wbtch the samples 

were't:•van-- ·Tbe'·p-vatue· ts one' ~~teasure of· this likelihood and rePresents the 

probabillc:y that; if the study ve.re repeated from· sc:ra:tch a.nd a· new· set of 

measurements p~d. one would observe a difference berueen· the samples at 

least. as. great: as. che difference already observed, assnmtn' that'·•·no real' 

dit'fetepee was ezmested. _t.ow,.p·v.a.lues..,suu.eac. that r.tal. d.ifferences bet.:V@:en· the 

cwo groups probably-.exi.st: (i.e-.• that che. ob.sarv&d.,.Q.i.f.farenc:e.a..ara. statistically 

stgntfi'eane-)~~-' 

Wben .. cmap.aring., the. IU.$S rates.. that ax:a. unadj.l.Wtad. for~ m.i-U .. spe-c.ific pulp_ 

production rates (lbs/day), the p-values of Table 5:..5 indicate· that significant:ly · 

more TCDD/TCDF wa.a exported at kraft mills. than sulfita aills wbau considered_ 

on a total basis and for each export macrlz sep-arately. 

lilhen- dla .a4juaad:,u.a.a· races. (lbs/toc:r·ADBSPJ were-COIIpAt:ed.". ·ch~- results 

changed only slightly:. signif1ea-rH:ly more TCOD/TCDF mass was exported· at:· kraft" 

mills than sulfite mills for pulp and e.ffluent vectors and for:. all exports 

combined. Ho_...r.- tha_ d.i.ffenru::e bebleen kraft and sulfite mi.lls .. wt.th _res-pee;~- ..... ' 

to TCDDjTCDF in sludge w.s not found to be statistically signifi~. 

Nevertheless. in the sample data. kraft: mills tended to export more sludge-
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based TCDDjl'CDF on average than th.e.ir sul.f.ite counterp.aru. 

5.3 ACT VERSUS ASB WASTEWATER TREATMENTS 

To interpret· the ura.irt findings of Tables._ s-~z and 5~4 with regard ta. 

wastewater treatment 4ifferences, Figures 5-5 through 5-8 provide boxplots of 

the TCDD(TCDF output rates showing the percentage of total output attributable 

to sludge or effluent vectors, classified by wastewater treatment type. 

The boxplots illustrate that the percentages of total TCDD/TCDF output to 

sludge and effluent vectors were highly variable from mill to mill; however, 

theraiVu. a .cons-istent terulency for the medi.an percentage of TCDD/TCDF outflow 

to sludge to be much higher for AGr-than ASB, and'the corresponding percentage 

o£ ~ow· to- effluanc.··co '06-lOttJer-.:.···: 'Ihe's-··d.1f.:fal:--=aa·.ba~ua'.traa~t:.·,e~s)-i..'-' 

were: u:bihibld" by.> k:raf~. aill.a;. r:onsi:.cierecl:. aepU&t;e.l.y;.-. ~· au.'Lfit• ai.lls , only 

one witnusable data employed ASB·type waste treacment, so a similar comparison 

was not feasible. 

In part, the pattern exhibited in Figures 5-5 through 5-8 with kraft and 

sulflte mills ctdllbined. is "probAb.ly. att:ribuf!able .. eo' the ·.liltf-t:adotlS'- of ehe data. 

Sludge sampltta.,·.takan .. f.t:aa_ A-CI'. tre.a~, s.ysta~~a., c:onsi.s~ of. .. bath priJSL.a.r)l. and 

secondary- •lu.clp:a.- wh.:Ue.• ehose.. eoll.tlc:ta4"-frma'. AS& facU.i.ti.e.s--- only comprised 

prim-ary s-ludge... Had. repre:sen.tative secondary sludges from ASB•type t.reaOttent 

syst:eU:. baea- oheain•hle, the- e.st:.i..Ula.ted. slwlg&.-baad. 'l'CllD/tcnF ma.s.s exports for 

ASB mills would have probably been higher than observed. Since the overall 

TCDD/TCOF mass races would. also be. higher. tbis woul..d..ha.ve simult.aneou.sly raised 

the percent of total TCDD/TCDF output typically attributable to sludge and 

lowered. the percent o£_tc~&l TCOD/TCOF output attributable to effluent, making 

the. obs.eneci .. 41f~ be~en- ACt" .. atUL AS& ttaatltelltt le ... draeactt. 

Figure.s 5-9 through. 5.·12. provide boxpl.ota.. of ebb effluent r.nd. .s.l:wlga 

TCDD/TCDF mass export rate.- (in lbs/ean·ADBSP) on a .lopridullie.. seal.--., sub-dlvid.a<L.. 

by type of wasta t:reatment. ~n c:ons-idared.:-on a aass rate basis instead of a 

.< 

-. '• 

percentage of total output, .sludge-based TCDD/TCDF again appears to be 
., -

significantly hi.gb.er.:on average at ACT milts..··nan AsB tai.lls. How much of this·· 
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differenc.e is due to the different nature of the sampled AC'I sludges versus ASB 

sludges can not be estimated. 

Sampled effluencs. from the 104 Kill Study should be mare directly 

coarpa.rable, and in this case, the export rates of effluent•basad. TCDD(fCDF tended­

to be somewhat higher at ASB mills than ACT mills, dtough· nor: in every 

comparison. Median effluent TCDJ) exports were- slightly higher for AS"B mills than 

ACT-''mills, but the reverse was true for e£fluant 'ICDF exports. In both cases,··· 

however, the lower and upper quut:iles were lar.ger for the set of ASB mills, 

suggesting. that the middle 50 percent· of ASH mills tended to export more effluene· · 

TCDD/TCDF than the mi&:U.e. SO percent of ACT mills~ 

T·tests calculated on the logged TCDD/TCDF mass export rates partially 

conffnraci tbe·vtsual. ispressftms ~·Ftgures 7-9-··to:·S-.U· (T&bl•~S-6--}.. Ccmsidered..­

otr·- 'the· b.uia- 'o~ produet:ion·adjustU· ..... export· rat:ea.· (lba/ton ,·ADJSP),. no., 

signi.fieant: diff8rahces· a.t che ·s· perce-n:t'~lev.l ·were fCil.Uld between the median 

efflue.nt. export rate.& of AC'I versus A.Sa mills. However, tlil.l.&- with ACT•type 

wasu cre-acment exported significantly more- TCDD/TCDF in slUdge- vectors ehsn 

.mills wi.th ASB .. type treatment. The same results· were echoed by kraft. mills 

~considered ..-parat:aly. It should- also b& noted' that· the n-sult:s were- somewhat 

diffenmt - eoasiderins. unadjual:ed. 'ICilD/'ICDF - out:p).lt. rates (lbs/day) . .. 
Iu chat: easr, stsrtttf:~tly· more-·· effluattt·· TCDO-.-va.·. expo:r:ted, b}l---ASR-.type waste 

treatment:s: than ACT-type treatments; t:he same was not· true for effluent TCOF or 

for. kraft •ill• cmudciered. HP&Uttly .... --

5 . 4 OVERALL PARTITIONING OF TCDD/TCDF 

Pie chart&. t:apxuant.iJ:l8;. ther avaa:cll. pe:rtiti:ontng._of TCDD/TCDF into pulp, 

sludge. amt-. ..tftuene-ara: pres-ent:e<t· tn: Figures 5·13 to 5-16. ·'tO-- eonstruet each 

pie chart, total TCOD,ItCDF.: m.ass exporu (lbs/day) vera s1Jlllllldct across all. mills 

for each matrix, and the. percentage of the total exported.. to. pulp, sludge, or_ 

effluent is shown oa. tha chart. Similar pie cbatts wue-·also construct:ed,_for 

kraft and sulfite mtlls._.eonside.red separat:aly_ . T!iasa pie charts indic&~·~ 
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the escimated. total daily autpucs of TCDD/TCDF poundage for all U.£. bleached 

pulp mills that-had usabla data. 

To accompany the pte charts, Tables 5~7 and 5~8 pres~t Otie totaL mass 

ou~ of TCDD/TCDF summed across- all kraft. or sulfite mills. the corresponding 

average output per mill, and the percentage of the total summed output exported 

to pulp, sludge, or effluent vectors. The two tables differ in that the first 

provides total outputs without adjustment for the pulp production rate at each 

mill, while the second sums the output of each mill after dividing first by the 

pulp production rate, to normalize for mill size. 

TCOD/TCDF outputs for kraft mills were considerably larger on any basis 

than the ou~ts for sulfite mills: However, kraft and sulfite mills exhibited 

similAr- pat.t:cn::ns· ·of" the" percentage-S" or. :;to cal:' ou~.pa:rt:it:ioned. to:diffu.au::.~J;.· . 

..-crtc:ea·. W"!tll:· onw es~cnt (tciii), ouqNL at. aulftca rai.ll..s) •' the. lax:ge$t 

fraction of TCDD/TCDF·mass output was partitioned. to pulp, being more than SO 

percent for TCDF exports from sulfite mills. 

Considering the total estimated mass outputs of TCDD/TCDF for all maerices 

combined, dtese data suggest comb-ined p-rodueei.on cauls. of··eiose t:o &~004 lbs/day 

of. TCDD -and.. 0 .. 032.-.lbs/d.ay of. !CDF. at, .U. L. .bl~hecl- pulp. mills. Estimates of the 

per·atll «ftrapat::.,.WeloP' ·eo· 0:00005-'Ibs/day,:·for. 'tCDLLanct-0.00048. 'lbsjday for 

!CDF; however·, subst:ant:ial varfacion in the TCOD/TC'DF mass exports· was exhibieed 

fr0111 .UU .. tA.aUl-
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rAJU.E .5-~. DISQUn:m: BtAIJSfiCI 1m .,. 

Low• I' Upper 91>!! 
I£PF txporu I 

""' 
Ill! ~ ~ OuarJ:j l• l!!lti!!! 0!,!11rti_if: br<eegtJh: 

.u1 s.pu. 

TCDF in Pulp Clb!/day)•IO' 102 H7.10 339.H 0.0~3 ~52;J.OO 5.26 31.63 1.27.62 3$6.47 
TCDF in Sluda• Clb•/day)••o• 102 ~.9,, 273.27 O.OOQ 39~.00 J.73 31..6:1 41.93 169.82 
TCDF in ECZluen~ (lb•/dtJJ••o• .. t4.H an.n 1.054 H"·" 4.33 1.5.3~ 71.96 273.40 
Total TCDI' C~•lct-TJ•lo& .. 314-~ ~U.tO 1.7 •• ~u.oo 22.50 74.6-'1 328.92 73$.U 

;r '· . . 
tcDF in Pulp (lbl/t.on .ADBUJ•lO' "' jll.t6 ·~!.53 o.oto "J24 ,01 0.93 3.9-'1 13.89 45.58 
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tcDF in !f!luent (lb!/ton .ADISf)'lO• " 12-67 U.60 a.o1• 36 ,11 0.6~ 2.08 7.22 29.99 
Tot!l tCOF (lhl/tllD ~P)•lO' . .. p.,9 116.62 Cl.lU ''*·88 1-46 8.62 30.U 120.54 .. 
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"" 
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0 tcDF in Siuda• Clb•td•yl•to• " h.~l 197.17 0.000 JU •. oo 1.59 3~.15 57 . .59 203.36 
TCDF in Efflu•nt {1bl/dly)"!O• .. UJ6.1.5 248.11 0.417 l~4t.oo .5.07 21.96 77.66 282.6.\ 
Totd TCOF Clb•/d•:rJ"lO' .. l!4.f3 7J4.28 a.ua t5ll.00 29.30 91.79 370.95 795.62 

TCDF in Pulp Clb•/Lon ADBSPJ*lO' " J2.l7 67.~3 0.090 .52t.Ol 1.65 4.30 14.09 4~ .u 
TCDF in Sludl• Clbl/ton APBSPl*l01 " . 9.67 :U.JZ o.ooo 195 . .59 0.12 l.la 6.26 28.32 
TCDF in Etflu•nt Clb•/tan_API&Pl*ltr " J-4 .• 7 45.30 0-041 "'-11 0. 78 ~-51 8.11 30.39 
foLil tCOF Clh1/tcm ADBSP)'I91 ,. .ll.~;l 126.16 O.U7 '-"·'1!1 4.(j6 ,o.u 33.19 12~.81 

'" 
I TCDF Output ta Pulp .. 416.f7 21.3~ 4.313 11'.18 26.04 ~~-""' 64.27 17.09 
Z TCDF Output ta Slud&e .. Jl.U 23.46 o.ooo l" 3.16 15.59 43 .Ol 60.36 
Z tcDF Output to !l!lu~q;t .. 110.02 !1.U 0.323 •. 84 ll..jl2 26." 44.47 64.26 

:kdlit. 8llllplAt! 

TCDF in Pulp (1bl/d•y)"l01 " ,2.98 U9.41 0.053 61$.70 0.18 2.03 8.54 32.5.~2 

TCDF in Sludt;• (lbl/dly}*'O' " J4.26 39.09 0,000 J54.90 1.17 2.03 7.46 69.09 

TCOF in E!fl~~ (lblld•f)'}l1 " J6.l1 70.82 0.0.54 173.40 0.59 1.61 8.18 153.U 
Totll tCDF ( . 1/diJ)*1oe ·. .. '9 .12 27.5.66 0.70 1044 .oo 4.31 t.U 22.29 564.41 

TCOF tn Pulp {J,bl/ton AOIIPl*lO' " 10.79 26.U 0.010 8.5.80 0.(15 0.42 1. 911 13.08 

TCDF in Sl111lJ• (lbt/tan AP8Sfl*10" " 2.11 5.41 o.ooo 21.59 0 .u 1.40 2.87 11.56 
TCDF in &tch•nt Ube/to• AJ).SPJ"lll" " 3, 96 9.67 0.018 3f;l.lG 0.19 0.13 4.011 U.S7 

rot•l rcor (~a/ton aoasr)•lo• .. u.it 38.04 0.243 145.48 0. 94 3.47 8. ~5 7Jl.03 

t TC0f OutfUt. Lo Pulp ,. 26 v 28.18 Q • .590 90.70 6.47 12.10 53.80 74.87 

t TCOf Ou.Lpu& t.o 11.-q• .. 40 IJ 29.73 2.002 9;J .61 13.81 39.25 62.01 68.62 

I TCOf Ou.&puL &o lttluent ,. 32 70 26.08 ~.62~ B'. 56 8.06 25.28 j~ .09 81.92 . 
~. 
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TABLE 5-S. DIFFERENCES BETWEEN PULPING PROCESSES 

TGDD Exporrs Logged 
( l.!:>s /day) * J.Q' N Median Mean t-sta; p-value 

Total TGDD 
Kraft:. 79 24.4 1. 355 7.371 .000 
Sulfit:e. 14- 2.4 0.411 

Pulp TC!lD 
Kraft 84 10.8 0.892 7.804 .000 
Sulfite 15 0.2 -0.426 

S1udge.·TCDO .. 
Kraft 76 10.8 0,474 ... 3.324- .003 
Sulfiee · 14 0.2 -0.191 

Effluent- TCDll ··~ ., ·' 
Kraft: 80 5.8 0. 714 5.365 .000. 
SulfJ.ta 15 0.8 -0.122 

.TCDF Exports· Lo!J8ed 
ilbs/dayl * .1Q5 ,: _. l! Median · !lei!!!· t-ss;at p-valuc·· 

T=al.. TC!li: .• 
Kraft. 79 98.8 2.021 4.363 .000' 
Sulfite 14 9.2 1.050 

l'u1p TCDF 
Kraft· 85 35.8 1.588 4.259 .001 
Sulfite 15 2.0 0.302 

Sludge TCDF 
Kraft 7& 35.8 1.120 2.405 .027 
Sulfite. 14 2.0 0.466 

Effluent TG'DF 
Krafe 81 22.0 1.340 3.434 .003 
Sulfi~ 15 1.6 0.416 

Note: Two-sample t-t:ests for difference becween logged means 
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TABU: S-S. DIFFEUIICES BE'!IIEEN PULl'ING PRoCESSES (comNUEll) 

!{RAFT vs SULFitE 

TCOD Exports Logged 
(lbs/top ADBSP) * 108 t! Median Mean t:-stat p-valye 

Total TCDD 
Kraft 79 2.8 0.420 4.792 .000 
Sulfite 14 0.5 -0.192 

Pulp TCDD 
Kra£t:c 84 1.2 -0.028 5.530 .000 
Sulfite. 15 0.1 -1.010 

Sludge TCD!l 
" Krafe 76 0.25 -0.478. 1.527. .14<1. 

Sulfite 14 0.16 -0.794 
Effl.wmt TCDD 

Kt:aft 80 0.6 -0.212 3.677 .001 
S\llfite 15 0.2 -0.705 

TCDF Exports. Lagged .. 
(lbs/t;gn APiiSPl * l(]'J_ l! Median Mean t-stat p-value . - .. 
total TCOF 

Krafe- .· 79 10.4 1.087 3.026 .007 
Sulfil:a 14 3.5 0.447 

PulpTCDF 
Kraft 85 4. 3 0. 664.· 1.044. .ooa. 
S.ul.fi.t.a 15 0.4 -0.281 

Sludge TCDF 
Kraft 76 l.J 0.169 1.097 .286. . 
Sulfit:e 14 1.4 -0.137 

Effluent TCllF 
Kraft: 81 2.5 0.414 2.389- .028 
Sulfite 15 0.7 -0.167 

Note: Two-sample t-tests for difference between logged means 
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TABLE 5-6. DIFFERENCES BETWEEN TREATMENt TYPE'S 

ACT ys ASB 

All. Mills Logged 
Clbs/dayl * 1Q' l! Median Meat~. t-St@t p-yalu@ 

Effluent-·TCDD 
ACT 40 2.9 0.409 ·2.583 .O!Z 
ASS 43 9.4 0.820 

Sludge TCDO 
ACT 39 7.3 0.54f. 1.245 .217 
AS!t 4'5 11.4 0.324 

Effluent TCOF 
ACT 42. 12.0. L1ll. -1 •. 456. .11<9. 
ASB.. 41· 31..8 1.403· '· 

S!udga TCDY 
ACT 39 . 28.4- '1.230 . '1.262 .21! 
AS!!. 45 39.0 0.954 

Krafe .Mills Logged 
(lbs/day) * 1.0* l! Medtaa·. tfeNJ• ' t•Sta1j'c,; P'""Y•lwt~ 

Effluam: ·TCDD 
lll:'I . 28. 4.5 0.625.. -1.438 .156 
AS!! 41 10.3 0.862 

Sludge TCDD 
ACT 28 5.8 0.829 2.45!7' .016 
ASII 42 2.0 <1.341' 

Effluent: TCnF 
ACT 29 22.8 1.337 -0.489 .627 
AS.B 41 31.8 1.434 . 

Sludge TCDF 
ACT 28 33.7 I. 52S • 2.745 .. .003.-
ASB 42 6.6 0.938 

Note: Two·s81Dple t-t:ests for difference becween logged means 
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TABLE' 5~6. DIFFER.ENC'£5 BENEEN' TREATM£tll"r tY'P£S (CONtiNUED) 

ACT VS. ASB. 

All Mills Logged 
<lbs/ton ADBSPl * 1Q' t! Median Mean t;;·§t:at. p-value 

Effluent TGDD 
ACT 40 0.5 -0.351 -1. 201 .233 
ASB 43 0.7 -0.191 

Sludge TCDD 
ACT 39 0.6 .(}_ 205 2.672 .009 
ASB 45 0.2 -0.699 

Effluant. TCDF 
ACT 41 2.1. 0:238 . . -1:074:''• .288'' 
ASB 44- 2..0 0.436. 

Sludge TCDF 
Am: 39 2.9 0.458 2.462. .016 
ASB 45 0.7 -0.069 

Kraft Mills Log&ed 
<lbs£ton AP»SrJ * zo• tl. Medj.an. Mean t•st:ac. p-valus 

Efflueut TCDD 
ACT" 2ff 0.6 -0.2U' · -0.43(}• .66& 
1\SB 41 0.9 -O.lSff 

Sludge. TCDil 
ACT 28 1.0 -O.Oll. 3 .. !il8 .. .001. 
AS& 42 0.2 -1>.687·· 

Effluent TCD.F 
ACT 29 3.1 0.489 0.388 .699 
ASB 41 2.0 0.415 

Sludge TCDF 
ACT 28 5.0 0 .681. 3.612 .001. 
ASB 42 0.8 -0.0~ 

Note: Two-sample t-tests for difference between logged means 
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FIGURE S-13 

TOTAL TCDD EXPORTS (lba/day) * E+Ofi 
·• . . . ; ~ ~ . 

ALL ~ILLS INCJ..UDED .. . . . . ' . 
' 

l'UJ.,P 

~ I ., ' J7.9$ 
... ____ 

' 
I'IFFLUENT I I 3~.9 If, 

I MATRIX SUA{ 

' 
PULP 1.517 

SLUDGE 1.319 

EFFLUEN 1.110 

TOTAL 4.QM 



~ 

"' 

EFFLUENT 

fiO!JRE S-14 

TOTAL OUTPUT: TCDD 

KRAFT MILLS SULFITE MILLS 

PULP 

PULP 
EFFLUENT ... 

38.0 s 23.0 s 

32.8 s 40.5 s 

SLUDGE 



"' 0 

EFFLUENT 

TOTAL TCDF ~XPORTS (lbs/qay) * E+06 
- - . . 

' ' . --

A.LL t,flLL~ INCI-UDBP · 

Plj~P -

45.6 ~ 

MATRIX 

28.J % 1 26.3 II> 
PULP 

SLUDGE 

EFFLUEN 

SJ,UDGE TOTAL 

SUM 

14.642 

8.429 

9.o24 

32.095 



~ -

FlOUR!! S-16 
•. 

TOTAL OJJTPUT: TCDF 

KRAFT MILLS SULFITE MILLS 

PULP PULP 

45.1 • 52.0 s 

28.2' 
26.7 II 17.1 s 

30.8. 

EFFLUENT 

· J!FFLU EN:;::-------

' ,. 

Note: !'er~eotages may not ~~~d tq 100~ due to rounding error. 

BI-UDGf 
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TABLE 5-7. STATISTICS FOR TCDD/TCDF (BY HILL PROCESS) 

Mill fros-ess=KtAft:. 

TCDD Exports !':! ~ 

TCDD in Pulp (lbs/day)*l06 80 1,486 
TGDD in Sludge (lbs/day)*l06 80 1,280 
TCDO in Effluent (lbsjday)*lO' 80 1,141 

Total TCOO (lbs/day)*lO' 80 3,907 

Hill Prqcess-Sulfite 

tCDP Exaortjs .. , 

·· =n' in Pt>rp Clbirfday)•IOO. 
TCDD.in Slwige. (lbajday)*lO'r · .. _.,. 
TCDD in Effluent (lbs/day)*lO' 

Total TenD (lbs/~1*10" 

I~f gxpprts. 1 

TCDF 1n Pulp. (lbs/day)*lO' 
TCDF in Slwige (lbs/day)*10' 
TCDF"fn Effluent (lbs/day)*IO' 

Total TCDF ( 1ba,lday)*lO' 

!':!. 

14 
14 
14 

14 

80 
80 
80 .. 

80 

u. .. 
12 
22 
19 

;3 

13,525 
7,996 
8,475 

29,996 

M:i1l Proce::rs=SuJ..:&i;a . ._ 

82 

t1uJJ 

18.6 
16.0 
14.3 

48.8 

!lun. 

0.,9-.r 
1.6'' 
1.4 

l.8 

!lun 

169.1 
100.0 
lOS..9-· 

374.9 

%(Total) 

38.0 
32.8 
29.2 

100.0 

'Hiotal) 

u.o 
40.5 
36.5 

100.0 

b.(Iotal) 

45.1 
26.7 
28.2. 

100.0 



TABLE S-8. STATISTICS' FOR TCDD/TCDF (BY HILL PROCESS) 

Mill frpcess•Krafc 

u;oo Exports I! §.l!!l! !lli!ll ! (Total} 

TCDD in Pulp (lbsjton AD!SP)*l08 80 158 2.0 40.7 
TCDD in Sludge (lbsfton ADBSP)*lrya 80 119 1.5 30.7 
TCOD in Effluent (lbsjton ADBSP)*l08 80 111 1.4 28.6 

Total TCDD (lbsjton Alll!SP)*10' 80 388 4.9 100.0 

Mill Process•Sulfit:e 

TCDD EXPorts H. ~ Mwl %(Total) 

TCDIJ" in Pulp (l&s/.X... APBS!)..,.lll": 14 4 0.3 30.6 
TCDD in Sludge (l.bs/ton.ADBSP}*IO"· 14 5 0.4 36.0 
TCDD in Effluent (lbs/tan ADBSP)*!OS 14 5 0. 3 33.4 

Total TenD (lbs/-coa AJ:l8SP).*l08 14 14 LO 100.0 

!1111 frosess-traf; 

ICI)F ~ort'is I[ ill!~[ l!iWr %{Total} 

TCDF in Pulp· (lbs/t"" ADBSP}*l<>' so· 1,902 23.8 49.2 
TCDF in Sludge (lbs/ton ADBSP)*l08 80 819 10.2 21.2 
TCDF- 'ill. Effluent, (lbal.ton,ADJ!SP) *10~ IIQ I..:V.S. •. 14.3 29.6 

Total TCDF (1bs/ton ADBSP)*10• so 3,866 48.3 100.0 

Mill froceSjS=SulfiQt 

TCPF Exuoxq li ~ IIIIa-.. ;<Iotal). 

TCDY in Pulp- (lbsjton ADBSP)*l08 14 97 6.9 so. 3 
TCDF in Sludge (lbs/ton ADBSP)*l08 14 41 2. 9 21. 1 
TCDF in Effluent (lbs/ton ADBSP)*l08 14 55 4.0 28. 7 

Total TCDF (lbs/ton ADIISP)*l08 14 193 13.8 100 0 

Note: Discrepancies may result due to rounding errors. 

83 



6. AN'ALYSIS OF TOTAL SUSPENDED. SOLIDS 

Since the. preceding a.nalysis uncovered di.f.ference.s.. between trea.tm.ent:·cypes. 

ActLv~ed Sludga ~astewater.Trearmettt (ACT) and Aerated Stabilizat!on·Basins 

(ASB) with regard to the rare.s at which 2~1,7,8~tetrachlorodibenzo·p-dioxin :.·· 

(TCDD) and 2,3,7,8~tetrachlorodibenzofuran (TCDF) were exported to sludge and 

effluent vectors. a more extensive analysis was made on a measured variable 

suspected to affect wastewater treatment performance: total suspended solids 

(TSS). It has been suggested that ACT and ASB treacmants differ significantly 

with regard ta average TSS levels, so the goal of the analysis·in section 6 w~~ 

to assess any potential. xe-l..ationsb:f.p .. between TCDD/TCDF formation in sludge and··· .• ~ 

effluent and total suspended solids l&Yels at the waste treatment.facilities. 

Sim:.e. imporeaut:."charac.ce:cisU.ca:·~ of· kraft ani:[' sulfite. mills were quiti:t: · 

d1ffe1:41ftt\o any .. porantt.al:'· relationship between'TCDD/TCOF formaeion and TSS might 

be =tSicacl i.f bot:h mill types were analyzed together. As it was. the number of 

sulfite 111lls was small. and. only one· sul-ffte rill with usable d.a;ta· e~~p-l:oyect an . . 
ASB·type waste treatment, so the analysis was confined to ACT-treated or ASB­

t:reat:ed kraft'"mi'lt.. ,,: (Pleue- note. that. all fi~••·· aM.. t.ablea., ua. laea.ted at. 

tha end. Qf. :the text_). 

Prel:tllirlaJ::y" exami.nation···of· the TSS data. indicated that the distribution 

of values could. be approxi.~~.&t.ed by a lognormal density (appendix B}. A 

subsequent evo .. sample. t·test. on the. logged TSs:·vaiu.e•·· fnd!:cated that the average 

total suspended solids. contant: of ACT systems was significantly higher· than th.a.t 

for ASB systeas at the.S pereent level .. Variatiort in the TSS data by treacment .... ' 
type is shown in the boxplot of F1gure 6-1; descriptive s.utiat:i.cs fo-r t:he TSS .... , .. 

levels ar&·smn'ide«i> in•.Table b·l, classi.fiecl:.by. ~ittgj.procua-: aud wast.ewat:er 

treaement. 

Given cbe-•J1bs8~ diff erMlC11' In crea.t:ment· cypes vftb.: re.apec.t:: to. average __ . ,' 

TSS levels, the. next·· step. -.. to determine to .'What -.degree 'tS$.'-'le'VelS-... Coi,Ll.4·· 

explain differences due to wastewatl!lr treatment in TCDD/TCDF mASS o~. to 

sludge and effluent. Relationships between TSS and tcDD/TCOF mas& export$ to 
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sludge and effluenc were explored and. tested for statistical significance. Using 

TSS as the independent vai:iable. the dependent variables inelucied TCDD/TCDF mass 

exports to sludge and effluent in both lbs/day and lbs/ton Air-Dried Brownstock 

Pulp (ADBSP). 

Examination of the depBndent variables and their distribuJ:ianaL 

characteristics via probability plocs indicated that Che TCDD/TCDF mass output 

variables might reasonably be characterized by lognormal distributions (appendix 

B). Plots were then made of TSS versus each of the dependent variables on a log­

log scale, which enabled estimation of regression equations from data that 

resembled bivariate normal scatterclouds, a prerequisite for using normal theory 

estimates of tba st~ty of the regression lines. 

Each o£. tha.acatte~J..oi:.SI.waa,o~~la.i.Ji. with. .. a.b.ea.t..fi.tti.J:l&._l~ x:egreasion 

ana . 9th percaat. c:ottftdane•.'. ba-rrd$..'.--' me 90.. pe'reene.:. couficf.elu:a. bands. provide an. 

approximat:e cc:mfi:denc:.e·· interval·· for· the estimated regression mean within the 

range of the data at: each value along -the inde-pendent axis. Computation of each 

confidence band was based.upatt the t-sea~e for the estimated ·rinear slope 

and the estimated standard error in the dependent variable at any given point 

Xo along the indeplfnc:tent' axis. 

Vi.sual...inspe.c.t:ion. of, Eigu:Ge.s.o 6:-2._ through.· 6.-5. f:ndic:a.ta.a. ·that:". for any fixed 

TSS level, the variability 'from·mtll t:a mill. in effluent ·and sludge TCDD/TCDF 

mass. export-a. was suhstan:tial. The re-gression -·lines overlaying· the. plats 

estimated the.. average. behavior of. ':be TCGD/TCDF··e"Port:s· as· T!S' leve-ls varied~ 

however.. none of tha eorr.elat1ons between TSS and TCDD/TCDF exports w-as ver:y 

strong. Clearly, TSS'"' is not the only fac.t:or· that: affee~ amounts of TCDD/TCDF 

found in sludp-c .and efflwmt:. and 1 e- may not: be- :a.. ao.i'Oallt. factor~ 

The es-efur:ed· regression equ.e:tions are presented !n Tabluo- 6.-z- and 6 ·l. 

Note that since the regressions were performed on the logged data, the 

relationships. suggested are not linear in che original unit:s. Rather, the model 

implies that tilhen the. s.l:op-e coefficient 'is .significa!l't:ly different front z-ero . 

the TCDD/TCDF mass output is proportional to a ~ of the TSS. level. 
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Tabl.es 6-2 and 6-3 confirm that the correlations between TSS and the 

corresponding TCOD(!CDF mass outputs. were. rather weak. The. larga.st. fraction of 

explained variance (as indicated by the a: statistic) for any of the variables 

was less than 5 percent. The linear regressions suggest that!CDD/!COF effluent 

mass ra.te.s incre&.&ali somewhat: with larger tSS Le.ve.lsy while TCDD./'I'CDF sludge ma.ss 

rates. cteereased slightly as TSS increased_ However~ none of the· estimated.: 

regression slopes were significantly different from zero-·at the. S percent level. · 

Vary sim.i.l.a.r rasults were found for each. ma.trix. and au.lyte when considering. .. 

debar: eh.:;unacl.ju...l:ecl: or ad.justed mass expore rates. 

Since ASB and ACT- type treatments vere combined in t:he previous plots, the 

last stap in thia sec::eiou was to subcii.vide mill-• by wu.te treatment: and recompute 

possible Ua•ar--nlartcmahips beareen TSS and. t:tuJ-·tCDD/TCDF .mass exports. This 

was considered important primarily because the sludge samples taken at ASB 

f"ad.lll:ias c:aai.ste<l of" pnma.y sludge. or.l.y, while. -··•t:·AC!:· faeil!tios· 

eoasiscad. af .. ccapoaiu., a.-plea of pr1lul::y Cl4 seC:allillltty slwlgea. Ft:prea . . , 
6~6 to 6·9- are r.c:tr:•t.np of Figures 6-2 to 6·5 eh&t indicate. the type of. waate 

tr:e.anwnr. u.ecl ae eadt-- au.ttarpoitrt. (ACT ot:. A.Sl), and a rap:uai.ou. ovarl&y 

corresponding to each wastewater subgroup. · 'nte separate regreaaion equations 

fore~ cype of was;& treatment are presented in Tables 6·4 ebrough 6·7. 

For both ,..ea•ter· ere a~ ~-. . · larc• .. ·.ns• l...,.-1•- ver• .,..what 

associa<llll vt.t:h.bisfler TCDD;Tt'llr ·-rci "" effluazzt'- lonr TCDD/TCDP" ·-= 
to slu.dpt. In e"h c .... e. howevttr .. the dae&- trv. AC't·type treat:ment facilities 

were· more s~l:r 'Sloped. than data- frcMI" .asa- •1•aa. ... · thu•·~vUual.· resulu were 

supported by~ regression statistics listed-in Tables 6-4 throusb' 6-7. None 

of the eaeteacad. alopea. fO% t:tua. ASA. aUla vua.. .. aipific:At at· tM.· 5. percent: 

level; hovevex., a..,.ra'l of· the relationsbJ.:p& .baeween US and TCnD/TCOF exports 

to slu.c~.&a au1 effiu.e:ot;-·waA· significant. for Act mill&~ ,.pin,.. the estimauct.· 

eorrelatioml'·~ vee1r.r bw:: in so.e. ... c.--.,tocal .. .uafeDd~- aolld&. aceouzu;R,for~--­

close to 2.0 percen1: of ·ttra cor•l variability: in TCDD/TCDF .... sludga and 

effluent expon:• at. aill• u.sing ACT trea~. .,. _ 

Based. em thf.s· analyaia. it ia..di.fficule.-.co:-dal:eaat.ne~etha~ influaneas 

che proportions of TCDO/tCDi', mus eltporced ta.:al.J.&dp: and. effluent -vectors. !he 
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proportion of total variation in the TGDD/TCDF data explained by the !SS level 

(ehrough tha R2 statistic) did not exceed 20 percent for any of the regressions 

calculated. It is also possible that other variables were present in these data 

that might have masked relationships between TSS and TCDD/TCDF exports. The 

sewty design did not permit a more com.plee.e analysis. However, there did,_ appear 

at. least a weak link beeween the TSS level and dte TCDOf!CDF sludge and effluent. 

export rates- for kraft mills using ACT-type wastewater facilities. If such a 

link exists, the level of ISS may help to explain the observed differences 

between ASB and ACT waste treaements with respect to ICDD/!CDF found in sludge 

and effluent. 
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00 
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Kraft HUla 
A~T 
ASB 

Sulfite "Ult 

II llwl 

81 61.50 

67 52.61 
25 60.02 
42 48.20 

12 111.85 

·! 

·' ' 

T41U 6-l. PESC&IfTlV~ STATISTICS FQR fSS 
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36.9! 5.aoq 143.80 18.95 35.70 69.88 112.26 

85.69 26.800 273.00 32.44 87 .OS 182.20 264.18 
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TABLE 6-2: TCDD EXPORTS (TREATED XBAFT MILLS ONLY) 

TSS <mz!l) ys Sludge tCDD Clbs/dayl*l06 

Equation: !.og10(Sludge TCDD) • l. 227 - 0.431 * ~j0(1"SSJ 

R~ - .022 
Adjusted R2 - .006 
S.E. of Regression • 0.933 

Constant 
Inde-pendent 

Standard Error 
0.596 
0.363 

e Statistix 
2.059 

-1.187 

TSS <mg/ll vs Effluent typp 'lbs/dayl*lO• 

p-Value 
0.044 
0.240 

Equa~on~ t.oci.<I!Uia...,<!C111ll•·- Cl'<lU . .,;: li'::L6.-:"' I.Dso.<lrSS} ·• · 

R2 
- .014 

Adjusted R2 - . 000 
s.£. of Regression- 0.687 · 

Cousumt 
Independent: ... 

Standard Error 
0.461 
0.281 

t Stat:t,sti¥ 
0.684 

·o.9sl 

p-Yalue 
0.497" 
0.344 

Equacton; Log.(Adjusted Sludge ~CDD) • 0.157 - 0.373 * tog.(TSS} 

R2 
• .016 

Adjusted Ra - .000 
S.E. of Regcession- 0.961 

Standard Error 
0.614 
0. )74 

t Statf.scic 
0.256 

-0.99& 

p-Value 
0.798 
0. 322-. 

TSS Cmg/1) vs Ad1ytted Effluent ICPP llbs/tqn ADBSPl*lO• 

Equat:ion::. Lo&.<Adju.sted Effluent TCDD) • ·-0. 713 + 0. 3ll * Log10(TSS~ ' 

R2 • .026 
Adjusted R2 - .010 
S.E. of Regression- 0.589 

Constant 
Independent 

Standard Eno' 
0.396 
0. 241 

94 

t Statistic. 
-1.802 
1.290 

~~Value 
0.076 
0.202 
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TABLE 6-3. TCDF EXPORTS (TREA'l'ED KRAFT MILLS ONLY) 

xgi <mxtl) Vf Sludge IQDF <lbs/dayl*l06 

Equation: Log10(Sludga TCDF) • 1.599 - 0.277 * Log10(TSS) 

R2 
- .008 

Adjusted R2 - • 000 
S.E. of Regression • 1.010 

Constant 
Independent 

Standard &rror 
0.645 
0.393 

t: Statistic 
2.480 

-0.704 

p-Value 
0.016 
0.484 

P:qaact<m: Log;.(l!UI.- TCIIF) -0.538 ... 0.49f.····LotJ,.('fU} .. 

R2 - .037 
Ad.ju.ste.cl. R2 .. • 022 
S: .L of Regresai.on - 0. 7B.7 

Standard Errgr 
0.528·. 
0.322 

Consesm::-~­

Independettt:· · · -

t: Statistic 
L.OU 
1.553" 

p·Value 
O.lU .. 
0.126 

TSi <val ys Ad1uate4 Sludp TCD[- aJpaltJnJ< ADBW•tte· 

Equarlon· l.og.,(A4justod. Slw!p, TCDF) • O.SlQ - 0.219 * J.og,.(TSS) 

R2 - .004 
AdJ. u.s ted R2 

- • 000 
S.E~ of Regression.- 1.066 

Conataue.. 
Independenc. 

Standard Error 
0. 681 
O.HS 

t St:atistic. · 
0.778 

-0.52J.. 

p-Yalue 
0.440 
0.600. 

TSt <mctll vs Ad1usted Effluent Tcor <lbst;on AQBSPl*lO•. 

Equactnn:.Log;,.Jio4.111¢a<Utffluont TCDF) • -0.491 + 0.542 * Log-,;,(TD) 

R2 ... 048 
Adjusted R2 

- • 032 
S.E. of Regression- 0.751 

Constant 
Independent 

§!;andard Error 
0.505 
0.307 
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t Statistis; 
-0.972 
l. 765 

p-Value 
0. 335 
0.082 
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TABLE 6-4. TCDD EXPORTS FOR ACT T:Rl!:ATMENT 
KRAFT MILLS ONLY 

TSS CmgJl.l vs Slyd;e '!ctm Cl}«fdayl*l06 

Equation: Log10(Sludge TCDD) - 2.388 - 0.922 * Log10(TSS) 

R2
- .113 

Adjust:ed R2 
- .073 

S.E. of Regression- 0,661 

C'otls.tant 
!ndepe.ndent 

St::a'Q.dard EJ;IOI 
0.939 
0.551 

!( Statistic 
2.542 

·1.675 

p·Valug. 
0.019 
0.108 

TSS <pt},) ya $ffluent TCDD Clbs/dayl*lO•"'-· 

l!qwu:tcm: f.a&;.(U!'I11cn: !tDII). -'~0~969c +< 0·. 925 •• Low.,(ftS) 

Rz. - .140 
Ad.:l<Jatad ll' - .lOl 
s-.E". of Regre.u1an- -0.587 

Sta-odard Error 
().834· 
(},48~ 

t sc;atfstt,c 
·1.162" 
!.892 

p·Yalue 
0.258. 
CJ. 072" 

XU Cp/1) ys AdfuttJd Sludg tcpp· (lbJfmr WSll*lD•. 

Equation: Lo&.GMiuste.\ Sludge TCDD) - 1.605 • 0.966 * I.og,.(TSS) 

R' • .165 
Adjusted R' - .127 
S.E. of Re&res.ai.o.n - 0.556-

Conataut. 
~-· 

Staw:fard Errg;: 
0.790 
0.463 

k Stadstic 
2.031 

.z.ou 
p·Value 
0.054 
0.049 

TSS C;a/1} v1 AdjuJted Effluent TCPP Clb§ttqn AQJSP>•lQ& 

R2 
- • 201 

Adjusted R2 .... 164-
S.E. of Regression- 0.451 

Constant 
lndepende.nt 

St:andard Error 
0.640 
0.375 

100 

t ScacisUc 
-2.736 
2.350 

"Q-Value 
0.012 
0.028 



TABLE 6- 5 . TCllF EXPORTS FOR ACT TRJ!AT!IENT · 
KRAFT MILLS ONLY 

T§S Cmg/1) vs Slydg§ rcpF Clbs/4fvl*l06 

Equation: Logltt(Sludge TCDF) • 3.159 - 0. 974 * Log 10(TSS) 

R2 
- .116 

Adjusted R2 - , 076 
S.E. of Regression- 0.689 

Constant 
I ndepende:at 

s;andard Errpr 
0. 978 
0. 573 

t StatisUs: 
3.230 

-1. 699 

p-Value 
0.004 
0.103 

TSS (m&lll ¥1 EffLuent lC~ C~bfldtv>*lO• 

Kquat:i<m~ l.a!t,.(un-~. -· -0,53L ~' L.Qil, •·-~)" 

RZ - .170 
Adjuat:ed B.' - .132 
~.K. of Regression·- 0.601 

Standard Error 
Conscant'·· o. 853 
lndependant. · 0. 500 

t Statistic 
-!L62l 
2.121 

p-Value 
0.540 
0.045 

m <mgtp n Ad1usted Slqdge TCDF (lhsttqg-·A!JI§Pl*J;~ 

Equ.a.tiou: l.aa,...(Mjusted Slud&e TCDF) • 2.377 - l.OlJ * Log10{TSS) 

II'- .147 
Adjusted R.2 - .108 
S. E. of !!egression - 0 . &2& 

§tand•~d En;;or 
0 B9) 
0 521 

e s eatist::l,s .. 
2.663 

-1.945. 

.. u-V•lue. · 
0.01<. 
0.065: 

ASS Cmg/ll vs AdJysttd Efflutnt TCpP !lbs/tgn A0BSPl*l08 

Equation: Log;,{M.j~Ufluent TCDF) • ·1.314 + LOl7 * Log1o{TSSl_.· 

R' • .184 
Adjusted R2 .- .146 
S.E. of Regression --o.sso 

Standard Error 
Constant 0.781 
Independent 0.458 

101 

t Statisl:~C. 

-1. 683 
2.224 

p~Valye 
0.107 
0.037 

... ' 
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TABLE 6-6. TCDD EXPORTS FOR ASB TREATMENT 
KUFT MILLS ONLY 

't§S (m&lll vs Sl,ud&e TCDD (lPs./dJyl*lO• 

Equation: ~m(Sludge TCDD) • 1.128 - 0.495 * Log10(TSS) 

R2 • .029 
Adjusted R2 - .004 
S.E. of Regression- 1.023 

Constant -
Indepel:nient 

R.2 
- .006 

Adj uated a• - . ooo 

Standard et;or 
0.738 
0.462 

S.E'. of R~!l'sion -· 0. 723 

Standard Error 
0.557 
0,34&. 

t ss;atist:ic 
1.527 

-1.073 

t St;atist:ic. 
1.045 
0.472 

p~Value 

0.135 
0.290 

p-Vflye 
0.30J 
0.639· 

ISS Cmg!ll n Adtsuect §Ittdu ·TCptt <tbtltgn wm•t«e 

Equation: tag,.(Adjuatod Sludge :rcJ)I)) - 0,056 • 0.4&1 * Log,0 (TSS) 

R2
- .026 

Adjus<:ed R.' - .001 
S.E. of Regression- 1.053 

~t4D.d&rd Error 
0.760 
0. •75 

t statistic 
0.074 

-l. 012 

v-Yalue 
0.941 
0 .Jl.JI 

TSS Cmg/ll vs A41ystsd Effluent TCDD Clbs/ton ADBSPl*lO• 

Equation: J..ca&:Ja(Mj"Ut:ed Ufluent:: TenD) - -0. 447- + 0 ..169 * Log10(1'BS) 

R2 
- .008 

Adjusted R2 - .000 
S.E. of Regression • 0.654 

Constant 
Independent 

Standard Error 
0.50" 
0. 315 
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t St:atLstic 
-0.886 
0.538 

p-Valuo 
0.381 
0.594 
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TABLE 6-7. TCDF EXPORTS FOR ASB TREATMENT 
KRAFT MILLS ONLY 

Equat:ion: Logl(t(Sludge TCDF) • 1.425 - 0.312 * Log10(TSS) 

R2
- .010 

Adjusted R2 
- • 000 

S.E. of Regression- 1.106 

Constant 
Independent 

Standa±d Eft9t 
0.798 
0.499 

t Statistic 
l. 785 

-0.625 

p-Value 
0.082 
0.536 

1JS <utl) ya Effluent TQRF Cl\lafdayl*lO• ,, ... 

·-· ·ll"qu&tlan;. Log,.(l!ffltmlt. 7CIIF) •· G.17a·+· O·-lll:l·*'·l.G8.o(DIO)< .. 

Ra- .022 
Adjusted a2. - .000 
S.E. of Regression- 0.879 

Constant'" 
Independent" 

S:t:andard ijl'rox 
0.&17-
0.423· 

t Stat:istic 
1.1411· 
0.929 

p-Value 
0.258. 
0.359 

Equatl"'J". Loa,.(Adjuatod Sludge. !CIIF) • 0.353 - 0.298 * Log,.(TSS) 

R2 
- .008 

Adjusted R.2 
- .000 

S.E. of Regression.• 1.162 

Standard £rror 
Cans~ 0.839 
rndepenctem::.. a .. 52-5. 

t Statisrtsr · 
0.421 

-Q.5611-

p .. value-
0.676 
0.!114.-

TSS <mg/1) ys Ad1usted Effluent TCPF (lbs/ton APBSPl*l08 

Equation: Log10(Adjusted Effluent TCDF) - -0.251 + 0, 398 * Log10('!'SS) 

R2 
- .024 

Adjusted R2
- .000 

S.E. of Regression • 0.857 

Constant 
Independent 

Stand§rd Error 
0.661 
0.412 

103 

t Statistic 
-0.380 
0.965 

p-Value 
0.706 
0.341 
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7. MODELING TCDD/TCDF FCRMATIOtl IC! A FO!ICUON OF !!ILL 

OPE:BAT!NG PAIWIETEl!S 

Several steps were. take:o to~ investigate the e.ffect of. mill bleacht.ng;" 

procedures upon 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-

tetrachlarodibenzofuran (TCDF) formation. The goal of this section was to 

darermine the strength of relationships between mass export rates of TCDD/TCDF 

and key chemical bleaching and extraction agents used at U.S. bleached pulp 

mills. Three dependent measures were used, including the total mass export: rates-

of TCDD and TCDF generated by the COIIIbiDed vectors- of pulp, sl:udge, and effluent ·,{"_ 

(in· .. lba/taa Air,.Dri.ed . .Bmvnato.~;k·Jiulp [ADBSP]); and t:he. TCOD .toxic equfvalent 

export rate, which combines the TCDD total mass rate with one-tenth of the TCDF' 

toea!' l!fas-s race • 

Though: tha':11.U• fo:cnta.t.1on rates of 'l"CDDj'rCDF varied from bleach line to 

bleach li.:a.&. &a g.auge.c1 by pu.lp sample anal.yses. effluent:s and sludges were not 

sampled. at eacq line but rather at the · "downscream• treatment:" facti!t!es. 

Consequently, the chemical bleaching application raee·s· for each bleach line were 

coebined. ta. form a Dlill .. average, the rates. be!~. weighted' OVI!r different:·· 1 ine·s 

depett4tug on· the- volume- .of. pulp. p"I:o4lu:ed... A&. in·_ the.. previoua..aec.ti.on~. kraft. and 

sul:.f:h:e-·JIItll•' V.r..-· tnteed' se-paracel,..-· in cb.e: analyses·;. - Sinca•-.l:he. number of 

sulfite mills nth usable data was quite small. only the analyses of kraft mills 

were included. in. thi&· section. 

The independent variables for w-hich the-re were enough.data to be of utilir:y 

included tb& following: cheaicals added during' C·stage bleaching -- Chlorine 

(CJ..), Chlort...llio:dda •. (ClO.l, CJ.. Equivalell!O in. C-Stap, and Percencago ClO, 

Subseitu.tiou far::CI.r;. chBIIic:&la -addad.. cturing·o~.:s1:a:pa-·o~,bleacb:ing" or eausr:ic-· 

removal •• Other st:aa- Cl02 , Sodium Hypochlorite, Sodiwrt Hydroxide-, and ~ygen 

(02 ); and charact:eri::ing features of bleach line operation --Kappa. number. Final 

brightness, C4 Une Equivalent, Cl2 Multiple (Kappa.. Factor) in C·stage, Clz. 

Equivalent Multiple in C-stage, and G~ Line Equiva:l..at;,: Multiple. Other 

variables had for the most parr: zero valuea-snd were not included in these 
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analyses. they included Calcium Hypochlorite, Hydrogen Peraxide. Other Scage 

Clz, and other ebeaica.l agents Which did net con.e&.in. chlorine del::i.va~ive.s.. 

As was done in the analysis of total suspended solids, explora~ry plots 

a.nd regression analyses were performed only after the varia.b.les. of interese. ware. 

examined for distributional properties and skewndss. If warranted,·variahles­

were transformed so that their distributions approximated normality as much as 

possible. (All figures and tables are located at the end of the text.) 

Two of the independent variables •• 0 2 and Cl02 -- contained significant 

fractions of zero values (almost half of all kraft mills in the case of 02 ), The 

analyses assumeclan inherent difference between mills which, for instance, did 

noe use &IJ%: C1.~ in hlu.cbi.ng and t:bose mills which did. Two different 

di_s_trtbutions of~h• 'I'COD/TCDF lllaSS export rates· are presented for each of these 

var.tabl••. ODS' for .u:- eua..· ofr· zua -~--Ut.'.Qt:·'· aad:: ClQ;· _... tbeo:· ot:bfto~·tor'''" 

--tlla--·-.:illbl ... -podci- (~ ... ·7-1 --7-2h 

7 .l RECRFSSIOK A!WYSES 

After analyzing and transforming variables where necessary, plots were made 

of ea.ch GepenciaDt maaaur:e versus e.ac:b. indepeac:Mint: vart.ble and'· eben analyzed for 

trends-<. .F!-pre.-·--7-1 t:o•.7-·9--, an-.-·rw:p~"'*'Gfr.-tha.--..t.• aip.i.ficant. ruults. 

Eadr-·~Jlcrt' c:am:atns· two ·talpcr-cant: i.rit:erprad.,.._, feaeurea.: a. leut: squares linear­

regress-icnt. overlay, "drawn o-Yer th..- a.etual range of d&t:a, and a 90 percent 

cettfiO.ftCW lNmlt.: ao=. the eat1'MI' ... r•&% .. &ioA-. Uua... 'th&, c.cmficW:u:..a. band. 

provides· a"visul'incU.ecr:t·on of thft degree to whieh, at any given point 1to along 

, the iract.,.~a.~.al.a ... ~ ead ... eecl. ......- of·tba ~.vuiata..liia,b.t btl. in. 

error:~. 

Mill.a.1n. wb.1cA. tha eal~t...tioft .. of·eit:bar·.'tcl)ll'or·-n:Dr ... a esport:· rates 

was probleraatic: (such u· in e•••• of seasonal or no vast• tnrat:IIN:ttC") vera not 

used in the scattarplots or regression analyses an4 .. r• c~idered unreliabl~ 

data for pu.rpa.ae.. of the. report. 'tva:- . .u.I.s cli.scbarpd. unuu.~ Ufl.lH!tu:::s t.4 

the ocean, and .mother five mills- had average va.st:ewater. AUntion sp&M ·at; 
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several months, At six mills, the reporeed concentration or flow da.ea was 

incomplet&, so TCDD/TCOF mass forma~ion.~ates.could noc.be calcul&~d~ 

Corresponding to the above plots, equations of the regression lines and 

relevane summary sta.ti..st.ics ( inclwiing_ standa.rd ea:ors. and az values) are. given 

in tables 7-3 to 7-5. Since the re.greaai.ons were performed on the l:r'#.n5formed 

variables and nat in the original.units, the estimated relationships are not 

linear tn the original variables. On the log-log scale, for example, a non· 

zera- line~ slope implies thae· the d4pendent variable tends to be proportional 

to a pqyer.af the independent variate. 

The most immediate finding from the analysis is that each of the dependent 

V...rtabiu e2Chi.bited significanc· vari&t:ion. at: easent:ia.lly .-very laval of the . •·· 

various chemical application rates. Consequently, the proportion of variance 

""J'l.tfned by any- a f. dill ngresdan· oquan...,..- ·_.,..xl)tc z-. (a; ai.ven·byR<Y; · 

_1Dd:1caU-ftl that:·' 'ehlr linear. rtr'P"Ud._. ··..C. •u·· '"TT ·useful u·· prect1e-t:ive 

equa.etons-. In f&.et:·. speeifie predictious resUting" out;aut of TCDD/TCI)F at mill 

Y when .._ c:a:tain lev.l of .ch••ic•l X. wu applied vould ;trahabl.y ha:9a. little 

meaning. The sc&tterplota were useful, however, to deeeet the presence or. 

absence of aon-zero tre~ in the estimated regreasion linea. 

Variables maasurtDg the applic&etori af cb.l.orirul to b~k pulp" (Cl,, 

cr. Equivalnt ill C-Stap, Ct.· ~.EquLvalout). vara.poaiti.wl.7 .. auoci&ta<t with 

the. fonution of TCDD/TCDF~(TAble 7--'3)'. Hence. greater· uae of chlorine in' 

bleaching wu usociat.ecl vith higher foaaation race...of.TCDD/TCDF. This result 

was consis~c"lfi'th·pravious evidence concerntq-Ute effect: of' chlorine bleaching 

on TCDD/TCDF·. fomatj.on- 1n pulp ~aUla. (2)~. -· - of. l:b& est!.m&tec ' 

regress.ton: ..,.1•- iztwal"'ld.s!& =..... -'vartablu,~~,.for . .a:•."·tt:a.r,·ab~· 30· 

percent of t:lt.- coral variance·· in TCL\0/TCDF u.-a export: ratea-. 
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7.1.2 Effect of the Chlorine Multiple 

Since Dlore chlorine tends to- be applied When· the lignin cont.ent of the pulp 

is high, regressions were also estimated for variables involving ratios between 

the am.ount of chlorine applied and. the l{appa number (as maa.s.u.r:ecl: by t:he ratiaa· 

Cl~ Multiple, Cl~ Equivalen~:Multiple, and. Cl~ Line Equivalent Multiple), the 

Kappa number being a useful index of lignin content in brownstock pulps. table 

)-4 provides the results for regressions on the Cl 2 Multiple, and again documents 

a generally significant positive relationship beeween formation of TCDD/TCDF in. 

mass exports and the Cl2 Multiple. Such a result. implies that, on the average, 

even when lignin content was accounted for or "held constant,~ greater 

application of chlorine was mildly associated with higher formation of !CDD/!CDF.: 

In ··th:t• e.ase, the association mu.st. be eonai4ered. allct~becawe the pereent:age of 

eocal variation accounted for by the esetmated regression models never exceeded 

ur pereene. 

7.1.3 ChloriDe DtozJde Substitutian 

The subseit.Uttcn of ClO: for Cl2 in· the C·Stap of bleaching produced 

slight redw::tiana in average TCDD(ICDF formation (Table 7-5), the regression 

trends being st:at:istically significant at below the·.t ·p.rcenr·level. However, 

the repa:t.<nV·JIOUi• accow:tt:.O• f~ ac: .. ~ l6.~perceu.c. .. a.f... th&..-. tat.al, variation 

in T'CD'O/TCDF' m&u· axpoLtr;· arut··s.i.aee·9HY' f_.·aU·t&-'~~ ClOt for_ more 

than-30 pereeut of eheir.ehloriile usage. t.he regres~ion trends cannpt: be reliably 

extrapalablli'f to: pre:df.c.c,. radue:t.icm.a of.. 'tCDl\ftCll£' .. foau.t:Lw. at. higher ClOz. 

subs~itut:i"on rates. re vu also seen fn Table 7·l that mills that did not use 

any ClO:r·· exhibiud treJU.ndau.a vuiation-··iD.,·TCDD/'ICl)£ .u.as .xpores . 

substitJ,~,tiau of ClO. for Cl1 was not" by itself an a4equat.e predictor of TCDD{tCDF 

reduct.iou... Uae. of. Cl~ lll&Y help. however~ to recbac:e. TCDD/TCDF forU:t·ion when 

consideraci:: i1:t coa.j.~ioc vi.t:h ·ocher. r~ a~:· 

7.1.4 Use of Oxygen in Bleaching 

Mills that. us-e oxygen in the bleaching process exhibitect • slight but. . 

statistically significant trend toward reduct.ion of TCDD/TCDF with increased 
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oxygen application. However, this trend was wholly attribueable to those four 

kraft mills that used oxygen de.l.igni.fication methods at. the ti.me. of tha-lQJ... Mlll 

Study (Table 7~2). Furthermore, the same four mills alsa tended to have higher 

substitution rates of ClO: for Cl1 , so it cannot be determined whether the lower 

export ra~ of TCDD/TCDF observed at these mills were atcribu~ble.co oxygen 

delignification, chlorine dioxide substiew:tan-, or some comtl"ination of· bot:h. 

Use of oxygen in other applications was not statistically correlated with 

TCOO/TCPF mass fo~tion. 

7.1.5 Differances i~ ~GOd. Types 

Due to limieatious:of.the st~ clasign, sofcwooct.-.:and hardwood: bleach linflS-: 

could not be syaee.aeically'caal.yzed:ftir d:i'ffe~u in TCOD/TCOF mua fonution.·• 

However, it was observed that greater 8Jll0unts of chlorine were generally applied 

to- safcwaod. pu.l.pa thm. hArdwaod. pul.ps ~r t:atl of .. -pul.;t. p:roeessed, and that the-··· 

~ Kappa .llWibcra of soft:Wooct. pul.pa -ra- t:yp-ically- aw:h higher than the Kappa 
. ' numbers of. h&rclwoocl·puLpa. (Figures 7-10 and. 7~U.). Both of these· obsenations 

were. eonai.a:cnt:.. vi.th Jau:nm. d.iffet:enc.u in tha. bleAChin&. pr.ctic.u. of softwood 

versus harctwoocl pulps. 

7.2 ' ·; ' 

T'O 'sumarari.z•. the aosr· ccmstseently s-ignificant-- tttdepettdene· variables were 

those involvtn& chlor~ application- in the Cestaga of bleaching: Cl2 and Cl: 

Equ:ivalem:·~ VartUl•• ae..-urtq· the- c:blortce·.W.tiple. (aUG kDown &a U. .. 1C.&ppa 

factor) were also po•ittvaly associated vtth·TCDD/TCDF form&tion, though the 

correlations· vera •Akllr. Subat.itu.tiou of. chloriDe· .. OJ.gzide for Cit was 

associated. with alight· recluetion.- in TctJD/TCDF" formatioti. However. sinc:e very 

few mills raport:ad. Clflt auh&titut1on· rau.s. of .,ra., t:bau: 30. -,.~ at. the tiJM.­

af the seucty. t:be;··effect:a:f- higher chlorine cliaziM ..._C:U:Ucialt:ra&:aa·.c~.aa.r::;.. ·. 

be gauged with any preei.siort: 

Barring mora detailed informaciort on chemical ua.ap. pat:.te.ms· ..t: .Ul 

·-... ' 

process characteristics, the d&t.a at hanct"prec:lude the fitt:.ing of ,.ry pre-cise .:..,-• 

predictive models. While ather variables might significantly impact the 
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formation of 2378~TCDD/TCDF, in che 104 Mill St:udy only those meas~ing chla4ine 

applica.Cion raees were consis.Cf.Utt:ly l~nke.d t.o I'ctmj't'CDF fa.ruc::.i.Gn. a.c. p'.ll.p, mills.. 

,. "· 
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TABU: 7-1. SUMMARY STATISTICS: BRE.AKDOWN BY Cl02 USAGE" 

Cl01 - 0 

N 

Minimum 
Maxiaum 
Meaac 
S taru:tard 'l}ev, 

Median 

ClO, ;> Q 

N 

·Mini.--.--
Maximum -· Standard. Dev. 
Median 

Adjusted 
Iotal TCDp 

27 

0.186 
16.337 

4-.llll 
4.. 200 
2.433 

Adjusted 
Total TCDO 

52 

0.066 
30.556 
!i.33l 
6.152 
3.437 

!CiW'l' li:W.S ONLY . 

Adjusted Adjusted TCDD 
Total ICDF IoJiC Eguivale»t 

27 27 

0.748 0.260 
299.613 43.026 
27.940 6.904 
61.417 9.433 

8.228 3.256 

Adjusted Adjusted· TCDD 
Iot;al TCDF _ toxie Esuivalene· 

52 52 

0.147 0.081 
95}.875 118.722'• 
5~.81&. ll.ll3. 

149.4.41 19.996 
16.088 4.963 

Adj ust:ec:l- Total · lbs/ton ·ADBSP'· • to-
Adjusted TGDn Toxic ~valent - lbsjtan ADBSP * lU8 
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TABU 7-2. SUMMARY STATISTICS': BREAICDO'iiN BY 0 2 USAGE 

N 

Minimum 
Maximum 
Mean 
Standard.n.v .. -· 
Mediom 

Oz > 0 
Excna.ction 

N 

Min~ 

Maximum. ...._ 
Standal;cL DaY. 
Me:di811 

02 > 0 
Oeli'Jttification 

N 

Minimum 
Maximum 
Mean 
Standard Dev. 
Median 

Adjusted 
Tottl TCQD. 

34 

0.117 
13.065 

3.764 
. 3.603 
2.058 

Adjusted 
Iotal, ICDD 

43 

0.124 
30.556 
6.028 
6.659 
3.589 

Adjusted 
Total IC1lll 

2 

0 .·066 
0.960 
0. 5!3 
0.632 
0. 513 

Adjusted Adjusted TCDD 
Total TCDf Toxic Eguival§nt 

34 34 

0.363 0.153 
299.613 43.026 
27.054 6.469 
55.415 8.492 

7.946 2.807 

Adjusted Adjusted reno 
Total TCDF Tqxic Egu}yalent 

43 43 

0 •. 45<).. 0 .. 283 ... 
953.875 11&'. 722 

68.447 12.872.. 
163.044 21.66&. 

15 .771f . 5 .I5l' 

Adjusted Adjusted TCDD 
Iot.tl TCDF:"·. · Ioxic !!aut valent,,. 

2 2 

0.147 0.081 
1. 747 1.135 
0.947 0.608 
1.131 0.745 
0.947 0.608 

Adjusted Total - lbs/ton ADBSP * 108 

Adjusted TCDD Toxic Equivalent lbs/ton ADBSP * 108 
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TABU 7-3 . REGRESSIONS OF CHLORINJ!: USAGE (KRAFT MILLS ONLY) 

Cl2 vs. Ag1usted Total TGDD Clbs/tgn AD»Sf)*lga 

Equation: Log10(Total TCDD) • -0.462 + 0.010 * Cl2 

R2 - .317 
Adjusted R2 • , 308 
S.E. of Regression- 0.461 

Constant 
Independent. 

Standard Error 
0.160 
0.002 

t Statistic 
·2.890 
5.902 

p-Yalue 
0.005 
0.000 

Xl= ys. Ad1USttd Total ICDF ClbsJtgn ADISfl*1Q! 

Eqaa.t:ion: Log-10(Total TCDP') • 0 .179 + 0. 011 *' Cl2 

112- ·-206. 
Adiu&ce<L a•- .195. 
s .1:·. of'ltagnssicm- 0.6t.1 

Standard Er;rpr;:-. 
eanaune· o.22J 
Independent 0.002 

t St:a;i.AAi.c;, .· 
0.80t. 
t..t.05 

p-Value. 
O.t.2t. 
0.000 

Qla n. Ad1pa&ttd ICDD Iozis: EquiplepC Clhr/tp;p; AQUPl*l!J! . 

Equation: Log10(TCDD Toxic Equivalent) • -0.262 + 0.010 * Cl2 

R2 • .271 
Adjusted R2 - . 261 
S.E. of Regression- 0.514 

Standard F;rror 
Constant 0.178 
Independent 0.002 
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t Statistic 
-1A66 
5.275 

p-Value 
0.147 
0.000 



TABLE 7-4. REGRESSIONS OF CHLORINE MULTIPLE (KRAFT MILLS ONLY) 

Cl 2 Multiple vs. Adjusted total TCDp Clbs/tpn APBSPl*l08 

Equation: Log10(Total TCDD) - -0.343 + 4 .2.80 * Cl2 Multiple 

R2 
- .181 

Adjusted R2 
- .170 

S.E. of Regression- 0.506 

Stap:dyd Error_ 
Constant· 0. 203-
Independent 1.064 

t St.acist.ir; ... 
-1.685 
4.023 

p-yalue 
0.096 
0.000 

g. Mttl.tiplf n. Adfuttest Total TCV; (lbs/tog ADBSPl*lqa 

Equ&t:ian: Log10(Tota.l TCDF) • 0 .• 121,+ 4.968 * Cl2 Multiple 

R'- .153 
Ad Jus red· a.a '•· -·.141'. 
S. E. of R•greasion _, 0~ 6-51' 

Constant. 
Inde.pendant 

Stanqard Error 
0.262 
1. 369: 

t Statiscic 
0.843 
3.629. 

p-Value 
0.402 
0.001 

C'L Mult"Ple ys. T'DD Toxic Egg,ipltpt Clbsltczn ADISPl•lo-., 

Equation: Log10(=·TOl<. ~q.) -·-O·lU +<4·,413 •·Cltlfclttplee·· 

R'- .167 
Adjusted~- .156 
S.E. of Regression- 0.549 

Standard Error 
Constant 0.220 
Independent 1.154 
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t Statistis. 
-0.752 
3.825 

p-VaJue 
0.455 
0.000 



... :·. 

TABLE 7-5. REGRESSIONS OF Cl02 SUBSTITUTION (KRAFT MILLS ONLY) 

ClOz SubttitqtiOD vs. Adjuseed Toeal TCDp (lb$/t:"gp ADBSP2*108 

Equation: Log10(Total TCDD) • 1.15 7 - 0. 708 * Log10(X Cl02 Sub,) 

Rz - .160 
Adjusted R2 - .143 
S.E. of Regression- 0.538 

Camrtant 
Independent 

Standard Error 
0.244 
0.230 

t StaJ;:i§t:ic 
4. 732 . 

·3.081 

p-Value 
0.000 
0.003 

c10z Suftstit:a:etort n. Adtqt;e<l I<tt«l ·wr·· < C!l)sftSm· .&nm')*Io• 

Equation: Lag..,(Total TCDP') • 1.961 ~ 0.792' * Log10(% Cl.02 Sub.) 

R2 -.l17 
Adjusted R2 - .100 
S. E.. of R.egresst·on ..... 0. 718 . 

S cimdard Errgr, 
0. 326 
0.307 

ti' Stat;i'srtc· 
6.oog 

-2.579 

tt·Va!Ue 
0.000 
0.013 

ClO.. SUbstl.tu!;ion vs. ICI'P TOl<ic l!q1rlnl.e!!!; <lbJtJ;IIQ ARJSP)*lQ".. .. 

£quation: Log,.(TCDD Tox. tq.) • 1.362 - CJ. 700 * Log,.( X Cl02 11»1>.) 

Ra. -· .Ul. 
Adjusced: ~- .Il5 
S.E. of Regression- 0.593 

Constant 
Independent 

Standard Erro;: 
0.269 
0.253 
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t; St:ati,stic 
5.057 

·2.764 

p-Value 
0.000 
o.ooa 
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Al'PENDilL A: DATA LISTINGS 

A·L 104 Mill Data Listing 127 

Variables: 
C-any 
City. 
Staa:a.... •. 
Pulpi~~ 
Tr .. tM'Ile ,,.. Vaatewaeer Treataitftt:"":· -ryp.•· · 

. 'I'SS • Tot:al Su.spendecl SoliO. Coaceatrati-

A-2 1 rcnnacnr Cimpeptra;1qp Dt&J 

A~3, Icppacpr field f)tmlic.atea_ 

Vul..obl.ea:c 
Ca~~PCDY 
City 
St:ata 
S-ltr I'D • Sapio Id<lm:1f'1e&t1an -· · 
Sampl8 Date - Date sa.ple waa procured 
TCDD- Concentxation of 2,3,7,8-TCDD 
TCDD Data .. Lab .nalyda date for tcDD 
TCl>F - Conceutrat:iou of 2, 3, 7, 8-TCDF 
TCDF Data • Lob ....Uyau. date for %CDF 
IAl:L..•· labot:at'O'Z7 t:b&C. perfox d tba .. aualyML. 

126 
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139 
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.&.-1. 104 tm.L. DaD. US%liD 

Pulpins 
C"SJ!PP!mY . = !iW!.. fts'U" 'tnalji!!!nt ISS (mall) 

Gaylord. C~•r O=p. Antioch CA ""'" = 66.00 
Wihmett-. Induatzha Ba-?i.U. lCY JCn!t. .... 143.80 
Alulta hlp Co. Sitka AK Sul!ita ""' 75.00 
Bada;ar Pap.r Hilla, Inc. P .. ht.i&O WI Sui! it. = 125 .15 
k"imbarly-Cbrk Corp. Cooaa Pin•• AL Kratt .... 16.80 
Lincoln Pulp and P~r Lincoln "" "'"'" ACT 48.40 
Wauaau Papar Milla Co. Bro.t- WI Sultit• = 39.20 
Gilman Papar Co. St. Ha.na GA Kratt .... 69 .so 
Gulf Statal Papar Corp. Dt1110poU1 AL Kratt .... ao.aa 
B-..rmi.U Papar Co. !ria PA Kraft 1'0t\l 203. IO 
B-rllliU Pa!)lr Co. ,,,. AL kraft .... 60.1)0 
Illtamat.iDU&l Papar Co. a .. trop LA IC.z,att .... 81.50 
Intarnatioa.l Papar Co. Gttora;at""D sc !Craft .... 1I7. 00 
Intarft&t.i~ Papar Co. Joy "" Kraft = Intamattoalll. P~ Co. Hobila AL ""'" .... 101.00 
lntarnattoaal .lllpllr Co, Mou Point ... Kratt .... 57.20 
lntarnatiollal Paper Co, •atcha:l ·"' """'' = 115.00 
l.D.t..arnational .Papon- Gil.· Pin BlllU .. · kta!t .... 7l. 00 
Int.arnat.ionll. Papa:- .CO-. ,...,._ 

"' krat:t. .... 5.80 
lll.t.amat.tonll. .Paper Co. ficondaroaa ll't kraft = ss.so 
Itt-lbr7cm:i•r-, IDe~·" '"'" Una .• ...-, •• n,.._ ~t:..,.- .... .... 2QD..60. . 

-~' .. Itt-R..,.aJ .. u .. IaQ.,_ .. -- ... .. s.autu' .Jet"' 75 .. 80' 
~-IDe•' ,_ .. ...... .... 26.Q1 
~.-Inc. l'clrt ..... .. ........ ""' 273 .00' J-• Rivttt Coq. Ba:-UD .. Kraft = 47 .DO 
J ... ilPU CclQ.. c- ... lt/S ... 78.60 
J- Ri-:1:' Corp. Clatakln1a OR ..... ""' J .... u-eoq. Gr•~r~. !.,.- WI Sul:Ci~ - 177 .u 
J- Rt-r- Cozy. ol4r- ... Kratt. ACT U7.oo 
J...._Uv.rCoq.. "· . .... .-.... LA ...... .... 35.60 J-• R.tvar c~. 8ut.ln AL Kraft ... 17.60 
Laaf R.iva~ Fo~elt. P:z:oa:I'IIUa Maw Auauat.a ... Kratt = 46 .00 
t.cmpt- Fi.bn eo. 

....,..,_ ... "'"" = 47.20 
l'atebiJr.er hlp • ,..,_ Co-:- • ........... ... &~Uit.e ~'·- 2.U."O 
louiaiaca Pacific Corp. ,_, C4 ltloatt· · """" . 96.70 
Me.cl. ~l'lt.iOU ChilUca1;M Oil kraft· ""'"" ~~i--·· EIIC...._,. ... ...... - 14.40 
Huct- CoQontJ.CIIl Kiftll-pol!t.. TB .... ... 88.00 
lfakoo- ,.,.... Iu. Mt t Ill$· ... ...... - 20.80 
.__.. _ _pqu. .•. IDe.- ·- WI ~.a·· JC 36".00 
M-.-ehpln, ""'· Port EdWUda or SuUit.to = P-=-cb Papen, Ia.:. Jolm.o- •• """" ... " " l"apai .. hl.bot.. ""'· ....... Oil .. ... - 13.90 
Pot-l.etd:l· Corp. .,_ .. ... """"' ,.,.. .. U9.Dil 
Pot.l.a'tcb Coq.. ,_.,,_. m· ..... ... l2~.60 

Potlltch Corp. McGh•• All """' .... 2l. 00 
AllhUII Ri var Pm1p Claibarna AI. """' "" .. " lt.ppUt.cm .Papua, r .... ·-- ·'' .... -· IoCr .. ,. 

" Boiae Caacad• Coq. 
, ..... _ 

AI. ~aft.. . ... " " ' 80111 CUcad• Corp. ~ ,• Dariddar LA kraft ... " " Boi•• euc.t. Corp. St. B•l- "' 1&-.t:t... J - " " Boia• caa~ Corp. ........ "' "''" = '~ "o 
Boiu c.-... c:up_ W.llula ... ll'aft -Blli .. ~-c.p .. -_ Intarna't:tcs•l i.U. .. "'"' ~ 
Bo-t.•.e Coqr. Catl'lllba "" "'"' ... IJ 00 
!!Qwat.er- Co~. Calha-= "' ..... ... 2~ 20. 
Bz-tm...-illlt. ·hlp ..,_. l"Pft' Btm~~»iell: .. ""'" - ·~-~0 
Buckaya Callulgse Parey n kraft ... " .. .Buckaya C.llul.oll oalatbGrptl .. ..... - " " Champiaa Iatarnet.t.._, L1.1!tia. "' ltJ:att· J&r 
Champioa ,.,......,.,...mel•"- Col!rtl..,. AL Xza.ft.~. - Z2 60. 
Champioa Jut;amat:!onat·. Qp.h ~ .. --- iii. ...... =· 31. II). 
Cha~~~pioa- IZlt.amtt.tccal. - ..... ..... ""' Z1.Ul 
Champicm lnt.•mat.ional.-- - tr "'"' ACt .... 
ChampJ.on Intam&Uona.l ·Cant..=. IIC Kraft = 22. " Cha•apa.Ue Corp. W.at Point VA. Kraft AJ:t " .. CODt.ainer Coxp. ot -.rt-.- ,,_ AI. kraft ... 12 " Pantai:z;, r .... Put Fdl• WI Sullit.e "'"' " " Federal P.per loud Co. &ll-u•t• ... "'"'' ... 101 20 
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.6.-1. ~ IIXIJ. DAr.6.. LICIIi:l. ((Ul URI&'') 

~ 

~!pins 

CqmpJl!Y = a... f~P£•n Tntt.p!ent; rss {!M,/l) 

Fect~tl Ptptr Boud. Co. :&.iq.•~ "" "'"" ""' •~o.~o 
Finch Pruyn & Co .• Inc. Glent Ftllt .. Su.J.:fit.e ACt 26.80 
Golorsit·Ptcific Corp. B!llint:h!lll WA Su.lfit.Jo ... 
G!or&it-Ptcifie Corp. Cro .. !t. ... "-rtft M:T 41.80 
c;.or&i!·Pecifie Corp. Ptltt.lct FL "-raft ... 8,20 
G~sia-Ptcific Corp. Wooctland HE "-rtft ... !56.80 
G•or&i!-Pecifie Corp. teehuY LA ~.tt. ... 130.00 
P.R. Glttfelt.!r Co. Spdna G:t:I1Y! PA rr.tt = 42. DO 
Proctor & Gd>h Co. Mehoopany PA Sul:fite = 127.60 
Scott Pe~:t: Co. Ev•ret.t "' Sulfite = 30.19 
Scott. Pt~:t: Co. Mobil• AL Kratt = 47.70 
Scott. Pt~:t: Ca. llinckley "" Krtft = 10.00 
Scott. P~:t: Co. Mll•k•san "' lrt!t. -· Scott. Pt~r Co. W.!t.b:t:oolt "" "'"'' = 104.20 
S~on P1~:t: Co. And!:t:ton CA Kreft. ... 35.80. 
Si~ Ptpe:t: Co. Fti:t:h!V!tt CA Kreft """' 137.00 
Si~ !.pe:t: Co. Pt~edettt 1'l( l.:t:"tft. = 880.00 
Simp•an P~:t: Ca. Ttc:OIIIo! ... "'"'' = 46.40 
st. Joe PtJI<'J: Co. l'a:t:t. St. Joo n ICz:eft POTW 
St=e Cont.einez: Corp. Hts•ou1• l<t Kz:eft """ Stolle" ~ Co:rv• ,. Pas-Citr-· FL. Xn.&t-~· •. · !'O'lN.·· . tO& •. so 
St-an• ~r Co.~:p. _,.. . .... ~t; .... """ . -~, '' .1'...........,; ll!IA.·: ·.• . ~--' ........... • ,.. ..-. ... ...... 

' ,. IJniOJ:I c.p Coql. !Aatovv sc "'"" .... .... 
lliltoa. c.. Cclqr.l '"""''""' VA•" ""'" AD iO.IJCI 
W..t:fteO Carp. c.:iviqWC VA ll:ert = .6.30 
Weatveeo Caz:p. L"'• ... JC:t'Jft """ 56.80 
w .. t.veeo eo.q.. Wie.tlift. kT r.:t:aft ... 33.70 
w.,-.n. ..... eo-. cnn; .u. •. .. ...uu. . ACrlloS& Ul.--~ 
w.,..~ Co. Ev•ut.t "' "'"'' ... 17 .7(1. 
~-·Co.· ~t-- "' "''" = ~ts.ao 
W..,.u-~u- Co. s- B•m "" Xrett ... 14.00 _ ... .-. ... "" """'' ASll lS.Za 
we,«tteaa~ Co.· .......... "" """" .. 1/J:r • . ' "-"" 

. ,, 
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A-2. 1t1JP~ ~~ tliiRAriC. D&T4 (~) 

·--~(ppt.J 

C9'PP!r!Y £IU §I!U 41"f!l' lP 8J'Plt P•h ISOlll! TC1!2Ptt• !CDF TCDf Deta ... 
G•yloxd Containar Corp. Anttoch .,. ·fft068C 10/15/81 lOJ,QO Ol/113/89 1570.00 01/03/89 CAl. 
Alaaka Pulp Co. IJth .. IQSC-1 08/27/81 •• 70 0~/29/89 u.oo 06/29/119 CAt 
Lincoln Pulp and Paper &.!Jicol.n .. ltilSC 11/19/88 41.00 Dl/26/89 223.00 01/26/119 CAL 
WaQ .. U P•par M1U.1 Co. ...... Ill IIJ'"' 07122/18 :-'' l2122/88 68.00 12122/88 CAL 
WIUIIU Papar Hil~l Co, lrotew HI ft'4llt 07/22/81 :lo 11:6/29/89 56.00 06/29/89 CAL 
Gulf St1t1a PIPit Corp. :Mopolh .. "1011C 06/H/18 ,., .. !2106/88 .U/06/88 C.\1-
Gulf St•t•• Piper Corp. .... PQUI 

.,_ HJ011C ot/U/18 JJ.JO J0/06/811 107.00 l0/06/811 CAL 
8.-..~tll Paper Co. I''' 

,. 
"''* 0-/lt/88 ... , 12/22/88 3.00 12/22/88 CAL 

a-n.nl Papar co. '" 
,. HJOJIBC 0,/lt/88 •. tO 03/0l/89 l.JO 03/01/89 CAL 

Int•rnat.Jonal Pap•r Co. ••t.rop ._,. .. ..., Of/20188 HI.DO 01/03/89 677.00 01/03/89 CAL 
Inhrn•t.1on•l l"•par Co. .. DtlatO'IO!\ "' H10SC 01/16/88 ,a.od U:/06188 161.00 12/06/88 CAL 
Int•rnattona1 Pepar Co. ,., .. l{ol-16397 bJIU/81 sot.DQ 2100.00 .... 
lnt.arnat.tond P.p.r Co. ,., "' R018Ue1 lt:t.QO OUZt/87 819.00 04/21/87 .... 
Jntarnattonll hpn Co ,,, .. 110186387 161,00 08/U/81 670.00 08/19/87 .... 
Intarnat.ton•l Papar Co ,., .. 10l86387A 1?1.00 08126181 762.00 08/26/87 .... 
Jntarnattona~ Pap•r Co ,,, 

~ =1853878 Jfl.O~ 08/Z&/87 713.00 08/26/0J .... 
Int•rnallona~ ,.par Co. HPbUa ..lSC l0/24/88 101.00 Ol/26/89 617.00 Ol/26/19 CAL 
tnurnatlonal •P•r Co. Ho•• Point .. fP•~ Of/07/88 J6J .OG 12/06/88 1020.00 12/06/88 CAL 

~ lntarnatlonll 1'4per Co. l•tcl"l•l .. "''SC Pl/12/88 u.oa ll/03/88 78.00 U/03/88 CAL 
w 
w Int•rn•tional P•p•f Co. f*n• IJuft .. ~~sc Of/11/88 115.00 12/06/88 2940.00 12/06/88 CAL 

Jnt•rn•LJonal P•P•~ Co. teud\an• n( ::•sc; Ol/06/111 11.00 Ol/03/89 1000.00 Ol/03/89 CAL 
lntarnatlonal f.var Co. •••n-k~· 1'1! '"' OJ/06/18 ~-·~~ Of/19/89 387 .oq 06/19/89 CAL 
Intarnatlonal Pape~ Co. texarl1ana 1'1! =1 0-/06/-8 , ., . 01/03/89 600.01) 01/03/89 CAL 

lnt.•rn•t.ion•l P•p•r Co. t•ooOil•roa• :: Df/24/88 ~··9q 12/0ii/88 267.00 l2106/88 CAL 
lnt.arn•t.ional r:r,t Co. fttoncfaro&• .,. ... 0612'188 30f.OO 1Z/06/88 2470.00 12/06/&a CAL 
ITT-R.,.onhr, J 1 1•rn~tna B••~h ·~ •osc. OJ/06/81 t.JO Ol/21/89 32.00 06/29/89 CAL 
Irt-Rayonter, fqjl, -·- = ti33SC:: 07101/88 .... 06/19/89 25.00 06/29/89 CAL 
ITT-R.yonlar, (nt. "••up rc 07/24/88 .... 02.J11/89 2.40 02/17/89 CAL 
lTT-Rayont•r, fpc. fJ»rt qaha .. 2SAC Q7/Z7188 4f.Jq 06/29/89 6.!.00 06/29/89 CAL 
J ... , Riv•r Corp. lad in .. ..., 01/ll/81 .... ,, 12/19/88 2930.00 12/U/88 CAt 
J .. ,, Rlvar Cor,. ..j-Un .. "'"" 01/U/81 .... , 06/19/89 2170.00 06/19/89 CAL 
J~• Rtvar Cor . , ..... .. """' ...... 12/06/88 10.!.00 12106/81 CAL 
J ... , Rlv•r corp. Cl•tlkanta "' 16374"641 Of/I0/86 u.oo 100.00 IISU 
J- Rtvar Cprp. Clatl!k'lntl "' 163"746;42 Qt/10/86 lt.GQ 810.00 .... 
J ... • Rtvar cori. Gnan' Bay Nl HJ2SBC 1'· .. 12122/88 250.00 12/22188 CAL 
J ... • Riv•r Cor . D14 town ... II8S-IC 1.01! 12/06/88 3~. 00 ,2/06/88 CAL 
J ... , River ~o~ . lt. rrance•vill• ... 

==10 
tl.to 12/06/88 243.00 12/06188 CAf. 

L••f Rtvar For.!t Product• .W lU~Uitl ... 02/21/88 6el.lkt 02/17/89 02/11/89 CAL 
Lonavl .. Flhrt Q~. t.onavt." "" "'""' 06/29188 tt.OI 12/22188 ~37.00 i2122/48 CAJ-
l;atchlhn Pulp a· P•pat Co. k•t~P:att .. "'"'' 08/15/88 .J.H 06/29/89 06/29/89 CAL 
Ketchik'ln Pulp I Papar Co. letebU:IIl .. 1131SC 08/U/88 .o.;q 2.00 CAL 
l'faad Corporation QaUUcotht 011 D£026011 ,3. ~~ 0~/21/87 42.60 0'121/87 wsu 
H .. d CorpouUon Chtltteotfl• oq b!0260jt 3.21' 08/19187 34.50 08/19/87 wsu 
H .. d CCirpord,1on t•ufliba HI "'" 12/15/87 IU.Qfl 09/30/88 514.00 09/30/88 """ H.ad Corpor•t. ~ij Kina•JII>rt r• H13SC 06/06/88 .... 01/26/89 25.00 01/26/89 CAL 
Nakoola Papara, "inc. ~~k~•• 4 rort £dwarda "' "'"" 06/11/88 109.00 12/22/88 1300.00 12/22/88 CAL 
Nakoo1a Papar1, .{·n~. "'hdown .. HZOSC l.0/08/88 u.oct 01/26/89 30.00 01/26/89. CAl. 
Pop• ~ Talbot, fP~. Jdnr Oil ljl9SC 06/21/88 11-01 12/06/88 106.00 12/06!8,f CAL 
f'oLh~h Corp. '· . ct~t ... ~·"" 0912'188 •s.oo 01/26/89 25.00 01/26/89 C41. 
Potltt.ch Corp, ' &.ewltr.on ID 50SC 01/26/88 18.01 01/26/11, 639.00 !)1/26/89 C41. 
~qetch CPrp. HcGh" .. "'""' 07/U/88 ··:: 12111/P• 633.00 121111/118 C.\1-

' Claiborne ... .,.uc 06/01/88 .1.0 12/06/81 373.00 jZ/(16/81 CAJ-
Al•ham• RJvar ~lp 
Al•baoila ~lvn lP (:!at borne AL H2iSCl 06101/88 'J .OJ 12106/811 l93.00 l2/06/811 CA1. 

A~•b""' J,v•r ~.r Fllibol"nt ... ~ISCZ ,6/01/88 fi.Qf Ol/26/n 342.00 1/26/89 C.\1-
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•-a. -

~~(ppt) 

C91!t!W Wl 11!11 §ml• 'P s • ., P•t.t p taP P•U = I£Df ~at.1 ""-
H••d Co~porat.ton 111anlba ~ HI._IOZ la/U/87 tfoo N/01/88 so.8o 08/08/88 IISU 
H.ad Corporat,on JJnaaPQrt H»IC Of/06/81 t,oo 11/0~/88 44.00 11/04/88 .,... 
Makooaa Paper f. Inc. •llooaa A Port Edward• "' K71!C Of/17/81 •t.oQ 11/0~/88 no.oo 11/0V88 c., 
IH:oo1a Papu,, lm:. .,..._ .. IIJDIC 10/08/81 tJ;tla 02/16/89 94 .DO 02/16/89 c ... 
Panatach Papatl, ~nc, '*"ohniQftlmra •• ..,,..., 0"01/81 •••• 12119/88 14 .DO 12/19/88 m Panntacb Pape.rl, nc. .JobcdOflhqrJ .. Hl>e:.: 01/01/88 f,7Q 12/19/88 6S.OO 12/19/81J 
Po.,. & talbot., In • lab•J .. HUEC 0-/27/88 31.011 ,l/04/88 82.00 ll/04/88 ""' Potlatch Carp. · ' <:'Joquat. "' """"' OJ/24/88 u:oo J/a6!89 46.00 01/26/89 c ... 
Potlatch Corp. . t.,wtat.onc Ill "'"" 0)/26/88 "·" U/U/88 360.00 11/15/88 CAL 
Potlatch eorr. J, .... tatott ,, "'6~1 07/26/11 7f.OO U/U/88 320.00 U/U/811 ""' Potht.cb Corp, HcOil!! .. "'I!C . 07/15/81 •••• •t/22/88 100.00 11/22./88 ..... 
AtU•• Rivar Pili-P Ftatborna ... IIJ1!11 06/07/11 4I.Oii l ~~~/88 250.00 U/04/88 ""' Al,....._ Rtvar futp Clalborna "' tf}l!Ct 06/07/81 •o.oo 'l' 4/88 

2SO.OO 11/04/88 ""' Ala~,., Rlvar fVlP Ctetbot'lll At ~1= 06/07/ill tf.OO 0 /03/89 210.00 01/03/89 ""' Apflat.on r.ptra. Ju~. loarinf lprtn&a .. "''* 06/26/81 u.o4 U/03/88 18.00 11/03/88 .,.,. 
lo •• c.,c,da Cur •• Jachot~ At "'"" Of/17/81 tS.DO 11126/89 540.00 01/26/811 ""' Botaa c•ttadl Cor •• Ja~hQI'I At -~Eql Of/11/81 1J4.PQ 01126189 630.00 01/26/811 Co\1. 

~ 
Bolli C11eada CQ,,. Dad4dar fl ... !11 GJ/J0/81 t:a4 1l/OV88 H.OO U/04/88 CI.L 

w lotaa Caaea4t Corp. lt.. Blil•n• II" ICC U/14/89 "·:: 04/lf/89 100.00 04/U/89 CAl. 
~ Iota; C!lc.tt Corp. 1-.Corll .. =·I!Q 06102/111 124. 11/04188 510.00 Jl/Ot/88 CAL 

ktd Catctr. eo,.,. Wall~o~h .. 6fq q7/~!1/88 310.0~ 12/U/88 7500.00 12/19/88 c ... 
lofa4 C••c• 1 Qorp. Iata~att~al Falla "' Qf:OZq92J lU.O Ot/U/87 2180.00 02/12/87 IISU 

lotat Caat:"f ~;;P· Inta~attapal Fa~l• .. P.J020fll uo.ot 02/12/87 IISU 

loJ•• C••c•~• P· Iatarnattonal Fa~l. ,. IJJOZIJ'a' ua.o, 02/12/87 IISU 
Jowat.ar Cor•; : "~; Cat.Mb• ' .. ~~~~ 

06/17/81 , .... 1110./88 42.00 U/04/88 CA{. 

Jowat.ar Corp. ".• Cdboun "' 06/24188 .... 12/19/88 5.50 12/19/88 c ... 
l~uq,wtek PUlp ,ad Papar lf'Ula"'lcl .. ..... 01/26111 ::::: 12/06/88 68.00 12/06/88 CAt 
I~Wiek h p ~ fapar lfUJIIWl~t. .. .. 71Cl 01/26181 12/06/88 50.00 12106/88 Co\1. 
fuekaya Ca1lulo•• ferr,. f!. "''""' "·" 11/03/88 80.00 11/03/88 tAf. 
luck.ya CallMlota Otlathorp• .. ftiUClO q1!23/88 ..... 11/03/88 26.00 U/03/88 tAf. 
Cb.-pton Inta~aUond L~o~Oin 

,.. DfOZHU: .,,JQ 07/09/87 6. 90 01/09/81 :c Cba.pton Int1rn1tlona1 Lufkin ,.. llfOZUli .... 09/30/17 6,70 09/30/8? 

Cbapton Jnti:Uonal LufldD ,.. oro.zu.U: •••• 11/16/117 .... 
Ch.-pion Int' aUond. CourUand .. "'""' . (!6/24/11 !1 ... 11/04/88 340.00 11/04/88 .... 
Cb..plon.ln~ atlonal Qut.nnal!a HI QUE 12/15117 t.oa 10/03/88 66.00 10/03/88 ""' Chlllfl.an lnlljJllaUonal Can~lo n c:fi!W,O 01115/88 II·!! U/03/88 38.00 U/03/88 CAL 
Cb.apion Jpt•~•t.lonal 801.1at.oP ,.. Hl5EC l0/07/88 . ' ... 01/03/89 86.00 01/03/89 "" ~ton ntaraa~lonal ~·t.Ob 

,.. H1SEC1 0/07/88 11. oo 01/13/89 ""' Cb-.plon International ......... ,.. .. l,EC2 10!01188 .... 05/31/89 5.80 05/31/" CAL 
Ch::t~on lnt.a~ttonal ....... "" fM1Gl!JD-500 44/21/88 u.~ 05/31/89 7.20 05/31/89 CAL 

f:Jlaa p•IJr;• COfJI· .,.,l Pot nt •• H74ECf.o!:O 12/04188 Jf.lq 04/19/89 96.00 04/19/89 ~ C:Oilhlilll' j::o.rp. of Alllari~• Jr!'Wton "' H07EC 07/01/88 .... U/04/811 111. ao 11/04/88 

rental,., ·r~ fuk falll WI time QJ/Ot/88 5.40 11/22/oU ~. 80 U/22/88 CAl-
t.oaoal hpat ~•rd Co Auauat.. ... """' 06/10/88 u.oQ 12/0ti/18 ~1. 00 12/06/88 Co\1. 

f"''l•r•l P&f'<lf u<l Co Ill •• dlol1l<ld "" MUtt J.Z/U/88 aa. oo OSf,HIB9 61. DO 01/26/89 CAt 
r .~,. · ·rr .. ,.,. • c• lac Ghna hi I• " """' 01/13/89 ·1.90 o•f'28t89 2. 90 06/28/89 "" "-til• hclfH Ccup l•lllfllh .. "' H600CJ 07/22/88 5.~, 11~/28/89 840 00 06/28/89 ""' O.U•tt• P•cltll Co<p Coo•••~ All """' 09/02/88 U.llt 12H9/88 370.00 12/19/88 ""' G90•ll• Pe<lfl' Corp Pel•tt• " ttz<EC · OJ/05/88 U.IO ll/f~/88 38.00 11/15/88 CAt 
G•orJI• P•clttc Corp Woodland HE H17EC 01/22188 .... 11184"/ll!J 25.00 11/11~/88 c ... 
G•or•••·racJCI~ Corp. la(hb)" '-A tiiEC 01/21/88 190.01 11121/11; 11/22/88 , .... 
Geor•l•·r•ctflc Corp. lach•t)" '-A ttn:c 07/21/88 uo.ae 05/31/8 3000.00 CIS/ll/89 CAL 

p.H. Qh -teJUr Cp. lprln• G~OYl PA ~4EC2! l0/28/88 . 1.4, 01126/llt 26 .IHI Pl/26/8~ . , ... 
... 
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B·t· 
B ... l. ~· 
ll-4. 
li·S 
B·6 
ll-7 
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B-10 
B·ll .. 
lhl21·­

B·ll' 
B•l4 ·• · 
.a-15 
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AEl'EIIliilt..l!: PROBABWTY PLOTS 

PULP TCDD PROBABILITY PLOT: DIU'£Cti!D VAUlES' ONLY 
PULP'' TCDl""·PB.OB"&an.rtr•PfD't!' DStiCt&· VAI.IJD' O!fi.Yc· · 

. SLilllaE. .'J:Cllll, PROBABILITY !LOT: DE'rECT!II. VJWIES OIILY 
SI.UilG& 'TCDF PROBABWTY !LOT: DE'rECT!II VAUlES ONLY 
RPFUIE1IT TCDD PROBABILITY PLOT: DEnct!ll VJWIES OIILY 
EFFUil!lft' TCDF' PROBABILITY !LOT: DEUG'II!D VAUlES OIILY 
PULP TCDD PIDBAliiLI'rl l'l.OT 
PULP TCIW PIDBAliiLITY nat. . 
StllDGit TCDD PROBABILITY PIDl' 
SI.UilG& TCIW. PROBABII..UT PlOT 
I!FPtlll!ll'r "fall)- PRO&UIILITY PlOT 
lll'!USBiii TCD!' PIDBAliiLI'rY"PI.OT 
ADJ1lSl'ED PULP "fall) PROBABWTY Pim' · 
All11lST!:D''PULP TCDF PROBABILITY PLOT 
AllJUSTED SI.UilG& TCDD PROBABILITY !LOT 
ADJUSTED SI.IIIlGE TCDF PROBABILITY PIDl' 
ADJUSTED. EiTLIIEIIt. TCDD PRDA.UIUTY. PIDl' ... 
AllJUSTED EFFUil!lft' TCDF l'llllBABILI'rf; PlOT .. 
TSS 'l'ROBABILI'tt. PlJJT 
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